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Abstract: In the present work, the TiO,/AA3003 alloy metal matrix composites were subjected to mechanical and thermal loads. The
results obtained from the finite element analysis and experimental procedure of TiO,/AA3003 alloy composites reveals the interphase sepa-
ration from the particle and the matrix. Also, the particle fracture has been noticed in 30% TiO,/AA3003 composites above 250°C.
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1. INTRODUCTION

Interfaces are normally the weak link in metal matrix composites. Traditionally, material interphases are considered to exhibit
tensile bond and shear resistance at the macroscopic continuum level. Simulating the phenomenon of interphase separation in
composites has received a great deal of attention in recent years. At large deformations, particles tend to debond from the ma-
trix, influencing both the ductility and fracture toughness of the composite. As a result of chemical interactions, an interphase
may form between the particle and the matrix during manufacturing and processing. Even though these interphases are typical-
ly microscopic, they can greatly influence the macroscopic behavior of composite materials. The extent and composition of this
interphase depends on a number of factors, including the surface area and surface treatment of the particles, as well as the level
of mixing and age of the composite [1]. Debonding is characterized by a localized region of failure (or interfacial debonding)
that accumulates around the particle inclusions. There have been numerous experimental investigations demonstrating the in-
terfacial debonding behavior of particles under large deformations [2-10]. In two dimensions, the plain strain assumption is
often employed to model fiber inclusions [11-15]. Zhong and Knauss [16] used linear softening cohesive elements to investi-
gate debonding in fiber-reinforced composites with structured microstructures. They focused on the tensile response of the
composites, and studied the influence of various factors; including particle size, shape and distribution.

The objective of the present paper was to evaluate the effect of thermo-mechanical loading on the interphase separation in tita-
nium oxide/AA3003 alloy composites. The shape of titanium oxide nanoparticle considered in this work is spherical. The peri-
odic particle distribution was a square array and corresponding representative volume element (RVE) is showed in figure 1.
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Figure 1: Square array of particles (a); Representative Volume Element (b); and Discretization of RVE (c).

2. MATERIALS METHODS

The matrix material was AA3003 alloy. The reinforcement material was titanium oxide (TiO,) nanoparticles of average size
100nm. The mechanical properties of materials used in the present work are given in table 1.
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Table 1: Mechanical properties of AA3003 matrix and TiO, nanoparticles

Property AA3003 | TiO,
Density, g/cc 2.73 4.05
Elastic modulus, GPa 68.9 288.0
Coefficient of thermal expansion, 10° 1/°C 21.5 11.8
Specific heat capacity, J/kg/°C 893 697
Thermal conductivity, W/m/°C 163 11.8
Poisson’s ratio 0.33 0.29
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Figure 2: Tensile testing: UTM with temperature controlled chamber and (b) shape and dimensions of tensile specimen.

TiO,/AA3003 alloy composites were fabricated by the stir casting process and low pressure casting technique with argon gas at
3.0 bar. The composite samples were give solution treatment and cold rolled to the predefined size of tensile specimens. The
heat-treated samples were machined to get flat-rectangular specimens (figure 2) for the tensile tests. The tensile specimens
were placed in the grips of a Universal Test Machine (UTM) with temperature controlled chamber at a specified grip separation
and pulled until failure. The test speed was 2 mm/min. A strain gauge was used to determine elongation. In the current work, a
cubical representative volume element (RVE) was implemented to analyze the tensile behavior TiO,/AA3003 alloy composites
at two (10% and 30%) volume fractions of TiO, and at different temperatures. The large strain PLANE183 element was used in
the matrix in all the models. In order to model the adhesion between the matrix and the particle, a CONTACT 172 element was
used.

3. RESULTS AND DISCUSSION
The optical micrograph as shown in figure 3 reveals random distribution of TiO, particles in AA3003 alloy matrix. Agglomera-
tion of TiO, particles is also revealed in the microstructures.

Figure 3: Microstructure showing distribution of 30%Ti0, nanoparticles in AA3003 alloy matrix.
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3.1 Thermo-Mechanical Behavior

Figure 4a shows the normalized elastic modulus of TiO,/AA3003 composites at different temperatures. The elastic modulus is
normalized with the elastic modulus of AA3003 alloy. The normalized elastic modulus is decreased with increase of tempera-
ture. Under thermo-mechanical loading, the stiffness of 30% TiO,/AA3003 alloy composites is lower than that of 10%
TiO,/AA3003 alloy composites because of the difference in thermal properties of TiO, and AA3003 alloy. The normalized
stiffness along the normal direction is lower than that along the load direction owing to tensile loading consideration in the
present work. The normalized shear modulus increases with increase of temperature for 30% TiO,/AA3003 but it is constant
for 10% TiO,/AA3003 as shown in figure 4b. The increase of major Poisson’s ratio with temperature indicates the elongation
along the load is greater than that along the transverse direction of loading of RVE (figure 4c).
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Figure 4: Effect of temperature on micromechanical properties of TiO,/AA3003 composites.
300 350
—+— Testfor debonding (10%) (a) —+— Testfor particle fracture (10%)
2650 —— |nterphase shearstrength (10%) 300 —— Particle strength (10%) [b)
i g Testfor debonding (309%) ~a Testfor partice fracture (30%)
= #+ - |nterphase shearstrength o 250 # - Particle strength (30%)
% 200 o
c E.
= £ 200
s 190 E
@
< 2 150
8 100 2
T 100
o
g
[=
E &D 50
0 T T T T T T 0 T T T T T T
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Temperature, *C Temperature, °C

Figure 5: Criterion for interfacial debonding (a) and for particle fracture (b).

3.2 Fracture Behavior
If the particle deforms in an elastic manner (according to Hooke’s law) then,

n
T=-0p (1)
2
where o, is the particle stress. For the interfacial debonding/yielding to occur, the interfacial shear stress reaches its shear
strength:

T= Tinax )
For particle/matrix interfacial debonding can occur if the following condition is satisfied:
noc
Tmax < —> 3)

2
It is observed from figure 5a that the interphase debonding occurs between TiO, nanoparticle and AA3003 alloy matrix as the

condition in Eq.(3) is satisfied in 10%TiO»/AA3003 composites while the interphase debonding occurs 250°C in
30%TiO,/AA3003 composites. The normal displacement field (figure 6) across the interphase increases with increase of tem-
perature. This confirms the increase of interphase separation from TiO, particle and AA3003 alloy matrix with increase of
temperature. Further, the normal and tangential tractions (figure 7) along the interphase increase with increase of temperature
to take place the interphase separation from TiO, particle and AA3003 alloy matrix.
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If particle fracture occurs when the stress in the particle reaches its ultimate tensile strength, o, ., then setting the boundary
condition at

Up: ap, uts (4)
The relationship between the strength of the particle and the interfacial shear stress is such that if
2
Op,uts < f (5)

Then the particle will fracture. From the figure 5b, it is observed that the TiO, nanoparticle was fractured above 250°C in
30%TiO,/AA3003 composites only as the condition in Eq. (5) is satisfied. There was no TiO, particle fracture in
10%Ti0,/AA3003 composites.

0.80 0.50
- :
10% TiO2 (a) 30% TiOz (b}

070 »e
E
e o 100C
= 080 £ e
R = —— 300
E = =
g 0.50 B —
5 - E 0.30 —
o g E e
& 040 ~— ) -
a S & e =l
] e = --‘--__""-
E ey + E 020 g
= 2 e T

0.20 \ o \\
' T 0.0 - i

0.10 e oo, —
0.00 T - - - T T T T 0.00 : : ; : : . : .
0 10 20 30 40 50 60 70 80 80 0 10 20 30 40 50 &0 TO a0 a0
Angular position, Degres Angular position, Degree
Figure 6: Normal displacement across the interphase between TiO, particle and AA3003 alloy matrix.
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Figure 7: Normal and tangential tractions along the interphase.

The von Mises stress as a function of temperature is illustrated in figure 8. The von Mises stresses induced at the interface are
higher than that induced in the nanoparticle. Hence, the interphase separation has occurred between the particle and the matrix.
The particle fracture was occurred in 30% TiO,/AA3003 alloy composites above 250°C as the stress induced in the TiO, par-
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ticle exceeds its allowable stress due to thermal shock. The scanning electron micrograph (figure 9) of 30% TiO,/AA3003 alloy
composite confirms the occurrence of particle fracture.
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Figure 9: SEM illustrating the interphase separation.

CONCLUSION

The microstructure of TiO,/AA3003 alloy composites reveals random uniform distribution of TiO, nanoparticles in AA3003
alloy. The shear stress is high at the interface resulting to interphase separation from the particle and the matrix. The interphase
separation has occurred between the particle and the matrix. The particle fracture has occurred in 30% TiO,/AA3003 above

250°C.
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