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Abstract— Interphase around the reinforcement has significant 
influence on the interfacial stress, displacement and stiffness of 
composites. In this article two types of RVE models have been 
implemented using finite element analysis. Aluminum nitride 
nanoparticles were used as a reinforcing material in the matrix of 
AA2124 aluminum alloy. It has been observed that the 
nanoparticle did not overload during the transfer of load from the 
matrix to the nanoparticle via the interphase due to interphase 
between the nanoparticle and the matrix. The maximum tensile 
strengths of AlN/AA2124 nanocomposite have been found 535.40 
MPa without interphase and 561.57 MPa with interphase. The 
transverse modulus has been established lower than the 
longitudinal modulus of AA2124/AlN nanocomposites. The 
results obtained from the finite element analysis were validated 
with mathematically derived and experimental results. 
 

Index Terms— RVE models, AlN nanoparticle, AA2124, finite 
element analysis, interphase, transverse modulus.  

I.  INTRODUCTION 

  During the past several decades composite materials are 
finding increasing use in a variety of application such as 
aircraft, automobiles, etc. In the material world, particularly 
in metal matrix particulate composites, the trend is always to 
prepare fine powder for the ultimate processing to achieve 
dense materials with better and useful properties for various 
applications. More is the fineness; more is the surface area, 
which increases the reactivity of the material. It is of high 
importance that the nanoparticles are uniformly dispersed 
rather than being agglomerated, in order to yield a good 
property profile in general.  

Aluminum nitride (AlN) nanoparticles are enjoying more 
and more attention now a days, deservedly so as their 
numerous benefits are being discovered every day. AlN 
particulate does not deteriorate at high temperature. Owing to 
its superior properties, AlN particulate is preferred to 
synthesize composite using Al alloy as matrix. It is important 
to establish the role of interphase around the AlN nanoparticle 
on the tensile behavior of AA2124/AlN nanocomposites.  

The higher stiffness of ceramic particles can lead to an 
incremental increase in the stiffness of a composite [1], [2]. 
One of the major challenges when processing nanocomposites 
is achieving a homogeneous distribution of reinforcement in 
the matrix as it has a strong impact on the properties and 
quality of the material.  The current processing methods often 
generate agglomerated particles in the ductile matrix and as a 
result they exhibit extremely low ductility [3]. Particle 
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clusters act as crack or decohesion nucleation sites at stresses 
lower than the matrix yield strength, causing the 
nanocomposite to fail at unpredictable low stress levels. 
Possible reasons of particle clustering are chemical binding, 
surface energy reduction or particle segregation [4], [5], [6].  
While manufacturing Al alloy-AlN nanocomposites, the 
wettability factor is the main concern. Its high surface activity 
restricts its incorporation in the metal matrix. One of the 
methods is to add surfactant which acts as a wetting agent in 
molten metal to enhance wettability of particulates. Several 
researchers have successfully used several surfactants like Li, 
Mg, Ca, Zr, Ti, Cu, and Si for the synthesis of nanocomposites 
[7], [8], [9]. The existence of an interphase region with a 
higher strength and modulus than the matrix would cause the 
composites to have superior mechanical properties [10]. 
Decreasing the interfacial strength can cause the interfacial 
debonding of particles from the matrix. Interfacial debonding 
can cause shear yielding of the matrix around the particles.  
 Composite materials are frequently used to fabricate large 
structural components. Analyzing large structures on a 
microstructural level, however, is clearly an inflexible 
problem. Analysis methods have therefore sought to 
approximate composite structural mechanics by analyzing a 
representative section of the composite microstructure, 
commonly called a Representative Volume Element (RVE). 
One of the first formal definitions of the RVE was given by 
Hill [11] who stated that the RVE was 1) structurally entirely 
typical of the composite material on average and 2) contained 
a sufficient number of inclusions such that the apparent 
moduli were independent of the RVE boundary displacements 
or tractions. Under axisymmetric as well as antisymmetric 
loading, a 2-D axisymmetric model can be applied for the 
cylindrical RVE, which can significantly reduce the 
computational work [12]. 

The objective of this paper was to establish the effect of 
presence and absence of interphase as a consequence of with 
and without wetting criteria of AlN by AA2124 molten metal. 
The RVE models were used to analyze the AA2124/AlN 
nanocomposites using finite Element analysis. A 
homogeneous interphase region was assumed in the models. 
The results obtained from the finite element analysis were 
verified with those obtained from the experimentation. 

II.  THEORETICAL BACKGROUND  

The composite material is built up from representative 
volume elements that are repeated periodically as shown in 
Fig.1. 
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A. Determination of Effective Material Properties 

To derive the formulae for deriving the equivalent material 
constants, a homogenized elasticity model of the square 
representative volume element (RVE) as shown in Fig.1 is 
considered. The dimensions of the three-dimensional RVE 
are 2a x 2a x 2a. The cross-sectional area of the RVE is 2a x 
2a. The elasticity model is filled with a single, transversely 
isotropic material that has five independent material constants 
(elastic moduli Ey and Ez, Poison’s ratios vxy, vyz and shear 
modulus Gyz).  The general strain-stress relations relating the 
normal stresses and the normal stains are given below: 

            (1) 

           (2) 

           (3) 

Let assume that ,  and . For 
plane strain conditions, ,  and εyz = εzx. 
The above equations are rewritten as follows: 

            (4) 

           (5) 

           (6) 

 

 
Fig.1. A square RVE containing a nanoparticle. 

 
To determine Ey and Ez, vxy and vyz, four equations are 

required. Two loading cases as shown in Fig.2 have been 
designed to give four such equations based on the theory of 
elasticity. For load case (Fig.2a), the stress and strain 
components on the lateral surface are: 

  

 along  and  along  

  

where ∆a is the change of dimension a of cross-section under 
the stretch ∆a in the z-direction. Integrating and averaging Eq. 
(6) on the plane z = a, the following equation can be arrived: 

             (7) 

where the average value of σz is given by: 
          (8) 

The value of σave is evaluated for the RVE using finite element 
analysis (FEA) results. 
Using Eq. (5) and the result (7), the strain along : 

  

Hence, the expression for the Poisson’s ratio vyz is as follows: 
                 (9) 

For load case (Fig.2b), the square representative volume 
element (RVE) is loaded with a uniformly distributed load 
(negative pressure), P in a lateral direction, for instance, the 
x-direction. The RVE is constrained in the z-direction so that 
the plane strain condition is sustained to simulate the 

interactions of RVE with surrounding materials in the 
z-direction. Since ,  for the plain 
stress, the strain-stress relations can be reduced as follows: 

        (10) 

       (11) 

 

 
Fig.2. RVE models 

 
For the elasticity model as shown in figure 2b, one can have 

the following results for the normal stress and strain 
components at a point on the lateral surface: 
 ,   

 along  and  along  

where ∆x (>0) and ∆y (<0) are the changes of dimensions in 
the x- and y- direction, respectively for the load case shown in 
figure 2b. Applying Eq. (11) for points along  and Eq. 
(10) for points along , we get the following: 

           (12) 

             (13) 

By solving Eqs. (12) and (13), the effective elastic modulus 
and Poisson’s ratio in the transverse direction (xy-plane) as 
follows: 

               (14) 

           (15) 

In which Ez can be determined from Eq. (15). Once the change 
in lengths along x- and y- direction (∆x and ∆y) are 
determined for the square RVE from the FEA, Ey (= Ex) and 
vxy can be determined from Eqs. (14) and (15), 
correspondingly. 

B. Empirical Models for Elastic Moduli and Strength of 
Nanocomposites 

The strength of a particulate metal matrix composite 
depends on the strength of the weakest zone and metallurgical 
phenomena in it [14], [15]. A new criterion is suggested by the 
author considering adhesion, formation of precipitates, 
particle size, agglomeration, voids/porosity, obstacles to the 
dislocation, and the interfacial reaction of the particle/matrix. 
The formula for the strength of composite is stated below: 

 

     (16) 
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,  
where, vv and vp are the volume fractions of voids/porosity 
and nanoparticles in the composite respectively, mp and mm 
are the possion’s ratios of the nanoparticles and matrix 
respectively, dp is the mean nanoparticle size (diameter) and 
Em and Ep is elastic moduli of the matrix and the particle 
respectively. Elastic modulus (Young’s modulus) is a 
measure of the stiffness of a material and is a quantity used to 
characterize materials. Elastic modulus is the same in all 
orientations for isotropic materials. Anisotropy can be seen in 
many composites. The proposed equations [14], [15] by the 
author to find Young’s modulus of composites and interphase 
including the effect of voids/porosity as given below: 
 
The upper-bound equation is given by 

       (17) 

 
The lower-bound equation is given by 

                               (18) 

where, mp EEδ = . 

The transverse modulus is given by 

  (19) 

 
The young’s modulus of the interphase is obtained by the 
following formula: 

           (20) 

III.  M ATERIALS M ETHODS 

The matrix material was AA2124 aluminum alloy. AA2124 
contains copper (4.4%Cu), magnesium (1.5%Mg) and 
manganese (0.6%Mn) as its major alloying elements. The 
optical microstructure of AA2124 aluminum alloy is shown in 
Fig. 3(a). The reinforcement material was aluminum nitride 
(AlN) nanoparticles of average size 100nm. The morphology 
of AlN nanoparticles is spherical, and they appear as a gray 
powder as shown in Fig. 3(b). The mechanical properties of 
materials used in the present work are given in table 1. 
 

 
Fig.3. Microstructure of (a) AA2124 and (b) morphology 

of aluminum nitride nanoparticle. 
 

Table 1. Mechanical properties of AA6061 matrix and 
AlN nanoparticles 

Property AA2124 AlN 
Density, g/cc 2.78 3.26 

Elastic modulus, GPa 73.0 330 
Ultimate tensile strength, MPa 483 270 

Poisson’s ratio 0.33 0.24 

A.  Preparation of Composite Specimens 

The matrix alloys and composites were prepared by the stir 
casting and low-pressure die casting process. The volume 

fractions of AlN reinforcement were 10%, 20%, and 30%. 
AA2124 matrix alloy was melted in a resistance furnace. The 
crucibles were made of graphite. The melting losses of the 
alloy constituents were taken into account while preparing the 
charge. The charge was fluxed with coverall to prevent 
dressing. The molten alloy was degasified by tetrachlorethane 
(in solid form). The crucible was taken away from the 
furnace; and the melt was treated with sodium modifier. Then 
the liquid melt was allowed to cool down just below the 
liquidus temperature to get the melt semi solid state. At this 
stage, the preheated (5000C for 1 hour) reinforcement 
particles and magnesium (Mg) as a wetting agent were added 
to the liquid melt. The molten alloy and reinforcement 
particles are thoroughly stirred manually for 15 minutes. After 
manual steering, the semi-solid, liquid melt was reheated, to a 
full liquid state in the resistance furnace followed by an 
automatic mechanical stirring using a mixer to make the melt 
homogenous for about 10 minutes at 200 rpm. The 
temperature of melted metal was measured using a dip type 
thermocouple. The preheated cast iron die was filled with 
dross-removed melt by the compressed (3.0 bar) argon gas 
[1], [2].   

B.  Heat Treatment 

Prior to the cold rolling of composite samples, a solution 
treatment was applied at 5350C for 1 hour, followed by 
quenching in cold water. The samples were cold rolled to 2% 
reduction. In a laboratory mill a relatively low strain rate, 
probably less than 1. Lubricated rolls were used at maximum 
speed. The strain was calculated from the thicknesses of the 
test samples before and after rolling process. The strain 
measurements are defined by: 

 

                 (21) 

C. Tensile Tests 

The heat-treated samples were machined to get 
flat-rectangular specimens (Fig. 4) for the tensile tests. The 
tensile specimens were placed in the grips of a Universal Test 
Machine (UTM) at a specified grip separation and pulled until 
failure. The test speed was 2 mm/min (as for ASTM D3039). 
A strain gauge was used to determine elongation.  

 

 
Fig.4. Shape and dimensions of tensile specimen 

D. Optical and Scanning Electron Microscopic Analysis 

An image analyzer was used to study the distribution of the 
AlN reinforcement particles within the AA2124 matrix. The 
polished specimens were ringed with distilled water, and 
etched with   a solution (distilled water: 190 ml, nitric acid: 
5ml, hydrochloric acid: 3 ml and hydrofluoric acid: 2 ml) for 
optical microscopic analysis. Fracture surfaces of the 
deformed/fractured test samples were analyzed with a 
scanning electron microscope (SEM) to define the 
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macroscopic fracture mode and to establish the microscopic 
mechanisms governing fracture. Samples for SEM 
observation were obtained from the tested specimens by 
sectioning parallel to the fracture surface and the scanning 
was carried using S-3000N Toshiba SEM.  

E. Finite Element Analysis (FEA) 

The representative volume element (RVE or the unit cell) is 
the smallest volume over which a measurement can be made 
that will yield a value representative of the whole. In this 
research, a cubical RVE was implemented to analyze the 
tensile behavior AA2124/AlN nanocomposites. The 
determination of the RVE’s dimensional conditions requires 
the establishment of a volumetric fraction of spherical 
nanoparticles in the composite. Hence, the weight fractions of 
the particles were converted to volume fractions. The volume 
fraction of a particle in the RVE (VpRVE) is determined 
using Eq.(22): 

           (22) 

where, r represents the particle radius and a indicates the 
diameter of the cylindrical RVE. The volume fraction of the 
particles in the composite (Vp) is obtained using equation 
Vp = (wp/ρp)/(wp/ρp+wm/ρm)           (23) 
where ρm and ρp denote the matrix and particle densities, and 
wm and wp indicate the matrix and particle weight fractions, 
respectively. 

The RVE dimension (a) was determined by equalizing Eqs. 
(22) and (23).  Two RVE schemes namely: without interphase 
(adhesion) and with interphase were applied between the 
matrix and the filler. The loading on the RVE was defined as 
symmetric displacement, which provided equal displacements 
at both ends of the RVE. To obtain the nanocomposite 
modulus and yield strength, the force reaction was defined 
against displacement. The large strain PLANE183 element 
was used in the matrix and the interphase regions in all the 
models (table 1). In order to model the adhesion between the 
interphase and the particle, a COMBIN14 spring-damper 
element was used. The stiffness of this element was taken as 
unity for perfect adhesion which could determine the 
interfacial strength for the interface region. 
 
Table 1. Elements features, applications and size ranges 

used in RVE modeling 

Element 
code 

Plane 183 Contact 
172 

Combination 
14 

Target 169 

Feature Quadrilateral-
8 nodes 

Linear 3 
node 

Longitudinal 
spring-damper 

Shape 
complexity 

Applicatio
n 

Matrix and 
interphase 

Interface 
contact 

Elastic 
modeling of 

adhesion 

Contact 
bodies 

 
For an exact nonlinear solution the converge criteria is also 

important to set the strain rates of the FEM models based on 
the experimental tensile tests’ setups. Hence, FEM models of 
different RVEs with various particle contents should have 
comparable error values. In this respect, the ratio of the tensile 
test speed to the gauge length of the specimens should be 
equal to the corresponding ratio in the RVE displacement 
model. Therefore, the rate of displacement in the RVEs was 
set to be 0.1 (1/min). 

IV.  RESULTS AND DISCUSSION 

Fig. 5 reveals the microstructure of AA2124/AlN 
nanocomposite wherein the AlN nanoparticles are distributed 
in the AA2124 matrix uniformly (approximated).   

 
Fig.5. AlN (30%Vp) nanoparticle distribution in AA2 124 

matrix. 

A. Tensile behavior 

Fig.6 depicts the tensile strengths of the nanocomposites 
obtained by FEA (RVE models), author’s models, and 
experimental procedure. The tensile strengths of the 
nanocomposites did not differ widely, representing that an 
increase of AlN content in the matrix can increase the tensile 
strength of the nanocomposite. Author’s model includes the 
effect of voids present in the nanocomposite. The maximum 
difference between the FEA results without interphase and the 
experiments results was 23.50 (MPa).  This differentiation 
can be attributed lack of bonding between the AlN 
nanoparticle and the AA2124 matrix. The maximum 
difference between the FEA results with interphase and the 
experiments results was 5.82 (MPa).  This discrepancy can be 
endorsed to the presence of voids in the nanocomposites. In 
the presence of voids, the interface region between the 
nanoparticle and the matrix gets stiffened and consequently 
this leads the slow rate of increasing (or remain constant) the 
tensile strength with an increase in the nanoparticles content. 
The results obtained from author’s model (with voids) were 
nearly equal to the experimental values. On the other hand, 
the deviation of FEA (RVE model) results with the 
experimental results possibly was as a result of 
micro-metallurgical factors (such as formation of voids and 
nanoparticle clustering) that were not considered in the RVE 
models. However, the nonlinear deformation behavior of the 
reinforcements and the matrix/reinforcement debonding were 
considered in the RVE models. These micromechanical 
factors are important in the large plastic deformation regime. 

  For 10%, 20% and 30%Vp of AlN in AA2124, without 
interphase and barely consideration of adhesive bonding 
between the ALN nanoparticle and the AA2124 matrix, the 
loads transferred from the AlN nanoparticle to the AA2124 
matrix were, respectively, 5.247 (MPa), 24.119 (MPa) and 
52.40 (MPa) along the tensile load direction (Fig.7a). The 
stresses induced in the normal direction to loading were lower 
than those induced along the load direction (Fig.7b). The 
compressive stresses were induced in the normal direction of 
loading. For 10%, 20% and 30%Vp of AlN in AA2124, with 
interphase and wetting between the ALN nanoparticle and the 
AA2124 matrix, the loads transferred from the AlN 
nanoparticle to the AA2124 matrix were, respectively, 9.427 
(MPa), 32.936 (MPa) and 79.569 (MPa) along the tensile 
load direction (Fig.8). Hongwei Zhang et al [16] carried a 
study improving wettability by adding Mg as the wetting 
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agent. They suggested that the wettability between molten 
Al-Mg matrix and SiC particles is improved and the surface 
tension of molten Al-Mg alloy with SiC particle is reduced, 
and results in homogeneous particles distribution and high 
interfacial bond strength. For instance, addition of Mg to 
composite matrix lead to the formation of MgO and MgAl2O3 
at the interface and this enhances the wettability and the 
strength of the composite [17]. 

 

 
Fig.6. Effect of volume fraction on tensile strength along 

tensile load direction. 

 
Fig.7. Tensile stresses without interphase: (a) parallel and 

(b) normal to load direction. 

Fig.9 shows the elastic strain contours of the RVE models for 
the situation involving without interphase. According to 
Fig.9, the RVE was expanded elastically away from the 
particle in the direction of the tensile loading. This could 
increase the contact area between the particle and the matrix 
in the perpendicular direction to the tensile loading and might 
decrease the contact area between the particle and the matrix 
in the direction of the tensile loading.  In addition, the 
deformation was propagated from the matrix to the 
nanoparticle in the normal direction to the tensile loading. 
Fig.10 shows the elastic strain contours of the RVE models 
for the situation involving with interphase. The same kind of 
trend was observed with the nanocomposites consisting of 
interphase. The only difference was the propagation of 
deformation from the matrix to the nanoparticle. The 
propagation was high with interphase as a consequence of 
improvement of wettability between the nanoparticle and the 
matrix. At high volume fractions of AlN, the major strain 

(tensile) dominated the behavior of deformation (Fig.11). The 
interphase extended the yielding character of the nano 
composite. For the homogenization analysis only one cell was 
analyzed for each volume fraction since the periodicity 
assumption would give the same result for any number of 
cells. The local RVE strain was not equal to the average RVE 
strain but fluctuates about the average RVE strain. The 
relationship between the average RVE strain and any applied 
boundary condition was not unique. Increasing the 
nanoparticle volume fraction can reduce the effect of 
boundary conditions on the variation of the RVE local strain 
distribution. 

 
Fig.8. Tensile stresses with interphase: (a) parallel and (b) 

normal to load direction. 

 
Fig.9. Elastic strain without interphase (a) parallel and 

(b) normal to load direction. 
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Fig.10. Elastic strain with interphase (a) parallel and (b) 

normal to load direction. 

Table 2 gives the elastic (tensile) moduli of the 
nanocomposites obtained by FEA and author’s models with 
respect to the volume fraction of AlN nanoparticles. The 
results of longitudinal moduli obtained FEA were within the 
limits of Author’s models and were closer to the results 
obtained by the Rule of Mixture. The transverse moduli 
computed from Eqs. (14) and (15) using FEA data were 
higher than the results obtained by the author’s models and 
the Rule of Mixture. However, the difference is not too high. 
The difference in the results obtained by the author’s models 
and to those computed from the Rule of Mixture was due to 
ignorance of voids in the later case. 

 
 

Fig.11. Deformation tendency of AA21124/AlN nano 
composite 

 
The poisson’s ratios vzx (= vyz) is known from Eq. (9). The 
values of vxy is computed using Eq. (15) from FEA data. 
Theses results are nearly equal to unity. Hence, it is proved 
the assumptions of isotropic conditions while deriving the 
mathematical models in this paper. The FEA procedure 
adopted and the the empirical models are also proven 
acceptable as the results are within permissible limits.  The 

negative sign indicates the transverse condition as per the 
conservation of mass or volume during plastic deformation. 

Table 12. Elastic moduli of AA2124/AlN nano composite 

Source Criteria 

Longitudinal Elastic 
Modulus, GPa 

Transverse Elastic 
Modulus, GPa 

Vp = 
10% 

Vp = 
20% 

Vp = 
30% 

Vp = 
10% 

Vp = 
20% 

Vp = 
30% 

FEA 
without 

interphase 
89.26 92.54 90.75 89.35 92.64 90.85 

FEA 
with 

interphase 
93.26 96.62 91.61 93.36 96.72 91.72 

Author upper limit 163.54 179.28 195.19 72.39 77.62 84.94 
Author lower limit 78.21 84.12 90.16 - - - 
Rule of 
Mixture 

 98.79 124.48 150.17 79.27 86.58 95.37 

Table 3. Poisson ratios 

 Without interphase With interphase 

Poisson’s 
ratio 

Vp = 10% Vp = 20% Vp = 30% Vp = 
10% 

Vp = 
20% 

Vp = 
30% 

vxy 0.9997 0.9996 0.9995 0.9997 0.9995 0.9994 

vyz -1 -1 -1 -1 -1 -1 

vzx -1 -1 -1 -1 -1 -1 

 

 
Fig.12. von Mises stress. 

Fig.12 shows the variation of von Mises stress in the 
nanocomposite. The von Mises stress increased with an 
increase in the volume fraction of AlN. The quality of 
adhesion at the interface is of crucial importance for the 
behavior of nanocomposites. The von Mises stresses for the 
nanocomposites having interphase were lower than those for 
the nanocomposites without interphase. The adhesion 
strength at the interface determines the load transfer between 
the components. Effective stress transfer is the most important 
factor which contributes to the strength of two-phase 
composite materials. For poorly bonded particles, the stress 
transfer at the particle/matrix interface is inefficient. 
Discontinuities in the form of debonding were observed in the 
nanocomposites without interphase because of non-adherence 
of the nano particle to the matrix. However, for composites 
containing well-bonded particles, addition of particles to a 
matrix will lead to an increase in strength especially for 
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nanoparticles with high surface areas. Hence, the stress 
transfer from the matrix to the nanoparticle becomes high for 
the nanocomposites with interphase.  

 
Fig.13. Fracture (a) without interphase and (b) with 

interphase. 

 
Fig.14. Shear stress: (a) without interphase and (b) with 

interphase. 

B. Fracture 

It is observed from Fig.13a that the debonding (A) occurs at 
the entire periphery of the nanoparticle without interphase 
between the nanoparticle and the matrix. There is a clear 
existence of interphase (B) between the AlN nanoparticle and 
AA2124 matrix (Fig.13b). Mg leads to the formation of MgO 
and MgAl2O3 at the matrix-reinforcement interface [17]. The 
phases Al2Cu, Al5Mg8 were also observed in the 
microstructures. In static loading conditions, stress 
equilibrium requires σx, σy and τxy to be continuous 
regardless of the quality of the interface. Hashin put this 
imperfect interface model into physical terms for composites 
[18]. The effect of the interphase is modeled by allowing 
displacement discontinuities at the 2D interface that are 
linearly related to the stress in each displacement direction. It 
is also noticed from Fig.13b that the debonding occurs at the 
partial periphery of the nanoparticle with interphase between 
the nanoparticle and the matrix. The elastic stress transfer is 
analyzed by one-dimensional, shear-lag methods. The shear 
stresses induced in the nanocomposites with and without 
interphase are shown in Fig.14. The shear stress induced in 
the nanocomposite with interphase was lower than that in the 
nanocomposite without interphase.  The rate of change of the 

stress in the particle to the interfacial shear stress at that point 
and the particle radius, ‘r’. 

                 (24) 
In the case of nanocomposites with interphase between the 

nanoparticle and the matrix, the stress is transferred through 
shear from the matrix to the particles. Hence, the stress 
transfer from the matrix to the nanoparticle becomes less for 
the nanocomposites without interphase resulting high stress in 
the matrix.  Landis and McMeeking [19] assume that the 
fibers carry the entire axial load, and the matrix material only 
transmits shear between the fibers. Based on these 
assumptions alone, it is generally accepted when the fiber 
volume fraction Vp and the fiber-to matrix moduli ratio Ep /Em 
are high. In the present case the elastic moduli of AlN nano 
particle and AA2124 matrix are, respectively, 73.1 GPa and 
330 GPa. 

 
Fig.15. Stress intensity: (a) without interphase and (b) 

with interphase. 

The stress concentration around the nanoparticle can be 
observed from Fig.15. The stress intensity was higher in the 
nanocomposite without interphase around the particle than in 
the nanocomposite with interphase around the particle.  The 
interfacial debonding was high between the particle and the 
matrix because of local stress concentration around the 
nanoparticle. The plastic flows were initiated within the 
matrix and ended at the nanoparticle/matrix interface. Owing 
to the high stress of the nanoparticles, the plastic deformation 
becomes concentrated at several locations in the matrix. The 
localized strain was observed around the particle because of 
the high load-transfer effect into the particles. The plastic 
behavior differs considerably with inclusion of interphase 
between the nanoparticle and the matrix. As the pressure was 
increased on the RVE model, the plastic strain zone 
expanded, resulting in a plastic deformation of the interphase 
between the nanoparticle and the matrix. In the present work 
the interphase was softer than the matrix and the nanoparticle 
and the nano particle was stiffer than the matrix.  
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V. CONCLUSION  

The RVE models give the trend of phenomenon happening in 
the nanocomposites. Without interphase and barely 
consideration of adhesive bonding, the debonding occurs at 
the particle/matrix interface region in the nanocomposite. Due 
to interphase between the nanoparticle and the matrix, the 
nanoparticle is not overloaded during the transfer of load from 
the matrix to the nanoparticle via the interphase. The tensile 
strengths obtained by author’s model (with voids) and 
experimental results were nearly equal. In the case of 
nanocomposites with interphase between the nanoparticle and 
the matrix, the stress is transferred through shear from the 
matrix to the particles. The tensile strength and elastic 
modulus increases with an increase volume fraction of 
aluminum nitride in the AA2124/AlN nanocomposites. The 
maximum tensile strength of AlN/AA2124 nanocomposite 
was 535.40 MPa without interphase; whereas with interphase 
it was 561.57 MPa. 
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