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Article history: In this paper, bulk sheets of multilayer Al-Ti composites were fabricated by cold roll bonding

Received 9 January 2022 (CRB) at 50% thickness reduction and annealing in different conditions. The effects of annealing
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(FIB). A field emission electron microscopy (FEG-SEM) equipped with an electron backscatter

Keywords: diffraction (EBSD) tool was utilized to evaluate microstructural and textural changes. This study
EBSD revealed that CRB composites of Ti-Al can produce the TiAls in relatively short times at
ODF annealing temperatures under the Al melting point. The results showed that just the TiAls
Recrystallization intermetallic layer formed in the Ti/Al interface by 2 h annealing at 590°C. TiAls formation

mechanism can be stated as following stages, Al phase elimination, Kirkendall voids formation,
Ti and TiAls phase's volume increasing, micro-crack creation, and finally, easier formation of
TiAls. Mechanical evaluation of Al/TiAls/Al layered composite showed that low ductility is
related to growth and joining of Kirkendall voids around Al/TiAls interface that formed after a 2
h annealing at 590°C. Microstructural characterization by EBSD revealed annealing at this
condition led to the creation of Al matrix with large grains (about 60 pum) and polycrystalline
TiAls intermetallic containing small grains (average 5 um). One of the main outputs from texture
analysis is the recrystallization texture components changing after the formation of the TiAls
intermetallic compound. The presence of large Ti aluminide particles resulted into the creation
of a new strong P recrystallization texture component besides RS and Q.
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1. Introduction ductility. Fortunately, composites with a layered

structure can enhance the strength with no ductility

Composites combine at least two materials with
different physical and chemical properties to present
valuable properties [1]. Usually, ductility is often
reduced by strength increasing, and advanced industries

need materials with both good strength and enough
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decreasing and has extended applications in automobile
and aerospace engineering [2]. Also, these composites
are fabricated by many processes such as explosive
cladding [3], hot pressing [4], ultrasonic consolidation

[51, and roll bonding [6]. Ti-Al intermetallic compounds
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represent a high specific strength, high melting
temperatures, low density, and good corrosion resistance.
Therefore, composites containing these phases can be
used as high-temperature structure materials in
automobile and aerospace applications [7]. Among Ti-Al
intermetallics, TiAl; with the density of 3.3 g/cm?
presents the lowest density and also has the highest
hardness with the best corrosion resistance [§]. However,
their applications are sharply restricted by low ductility.
Opportunely, lots of toughening methods have been
suggested to boost their ductility, and one of the most
successful strategies is the fabrication of composite with
Al. Cold roll bonding (CRB) is one of the best solid state
methods for the fabrication of composite sheets [9]. There
are studies related to the fabrication of Ti-Al intermetallic
sheets by CRB and annealing of Ti and Al foils. They tried
to eliminate voids with the hot press at the final stage to
get a dense composite [10]. There are limited reports
about the fabrication of Al/Al layers with Ti powders. In
2011, Wang et al. [11] produced this composite with a
good distribution of the TiAl; intermetallic phase by
depositing molten Al drops onto the Ti powders. there are
also some reports about forming this composite in a solid
state via accumulative roll bonding and annealing
processes [12, 13]. They fabricated a composite with good
distribution of TiAl; intermetallic compounds in the Al
matrix. But the formation mechanism of TiAls
intermetallic was not investigated well. In addition, there
is no report related to texture and EBSD characterization
of this composite. In this study, the AI/TiAls/Al layered
composite was fabricated by applying CRB after
stacking Ti powders and Al sheets, alternately and then
annealing them. It is noticeable that the effect of adding
Ti powder particles between two Al layers on the bond
strength of Al sheets was discussed by these authors [14],
and CRB parameters were selected according to previous
work. The phase formation and growth actions were
studied by more evaluations that were carried out here.
For this purpose, a lot of multilayered sheets were
produced by differing the annealing process parameters.
Additionally, the voids formation mechanism was
studied. Besides, interface characterization, mechanical

properties, and texture were analyzed and discussed.
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2. Experimental Procedure

In this research, annealed Al sheet (1100) with a
thickness of 1 mm and Ti powders (0.5 wt.%) were used.
Table 1 shows the chemical analysis (wt.%) of used Al

3 sections

Al sheets were chopped into 100x50%1 mm
and then annealed for 1 h at 350°C. A stainless steel
brush was applied on the surfaces of Al sheets to
eliminate the oxide layer and create a hard surface.
Table 1. Chemical composition of initial Al (wt.%)

Al Si Fe Cu Mn Mg Cr
99.05 0.156 0.710 0.133 0.047 0.304 <0.015

Preparing initial Ti powders was done by mechanical
alloying according to reference [14], to attain small size
powders with a small size range. The ball mill process
was performed with 5 balls in a planetary ball mill
machine (Retsch PM100) in the argon atmosphere for 7
h. The ball to powder weight ratio was selected 10:1, and
the speed of the container was 500 rpm. SEM images of
Ti powders before and after the ball mill process, are
shown in Fig. 1. By milling, the average size of the
powder was reduced. The particle size distribution of Ti
was determined by the digital image processing (DIP)
technique (Fig. 2). After milling, the average size of Ti

particles decreases from 45 um to 0.8 um.
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Fig. 1. SEM images of Ti powders (a) before and (b) after
ball milling.
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Fig. 2. Image analysis of the Ti particles: (a) before milling,
and (b) after milling.

The sandwich of Al sheet/Ti powder/Al sheet was
produced by CRB on a laboratory rolling machine using
a rolling reduction of 50%. The roll diameter and the
rolling speed were 220 mm and 4 m/min, respectively.
For the rolled specimens, a series of annealing treatment
experiments were performed at 400°C, 500°C, and
600°C at different times.

Microstructure changes evaluations for all specimens
were performed by FEG-SEM (Hitachi S-3400)
equipped with EDS. A tensile machine (Hounsfield
H50ks) was used for tensile evaluations at room
temperature with a crosshead speed of 1 mm/min. The
total elongation of the specimens was determined as the
difference between the gauge lengths before and after
testing. Tensile test dimensions were selected according
to ASME E 8M and the test was repeated 3 times. A view
of the sample preparation for the tensile test is shown in
Fig. 3. Another FEG-SEM (LEO 1530FEG) was used for
EBSP characterization and micro-texture determination.
Focus ion beam analysis was performed by FIB/SEM
machine (the Quanta 200 3D Dual Beam).

The thickness of the intermetallic layer versus

annealing time in a defined temperature can be exhibited
by Eq. (1) [15]:

x = kt" (1)
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Fig. 3. Schematic of the tensile test sample (all the
dimensions are in millimeters).

where x is an average thickness and ¢ is the time of the
annealing process, k is the rate constant, and #n is the
kinetic exponent.

The volume increase of Ti particle after the
formation of TiAl; intermetallic compound, by ignoring
Ti diffusion in Al can be obtained by Eq. (2) [16]:

AV 2.69 prix
=——x

Vri Priais

@)

where AV/Vr; is Ti volume increase percent, x equals to
weight percent of reacted Ti, pri, and priaiz are Ti and
TiAl; density, respectively. The Al matrix hardness and
modulus were measured by a nanoindentation
instrument (G200). The testing distance, force, and dwell
time were 15 pm, 10 mN, and 10 s, respectively. The test
was repeated 16 times, and the average value was
reported. The hardness values were obtained according
to the Oliver-Pharr method [17]. XRD tests were
conducted using Philips X’PERTMPD equipment
(Amsterdam, Netherlands) with a current of 30 mA and
a voltage of 40 kV.

3. Results and Discussion

It must be mentioned that the threshold deformation
amount for the Al/0.5 wt.% of Ti powder/Al sheet in this
study already earned 45% [12]. According to the results,
a 50% thickness reduction, which is greater than the
threshold deformation, was selected as the base
thickness reduction to continue the research. Fig. 4
represents the SEM image and related EDS of Al/Ti/Al
composite after 50% CRB and annealing at 590°C for 2
h. According to this figure, the large Ti particles in this
study were converted entirely to the intermetallic phase
with TiAlz composition determined by EDS analysis. In
the Ti and Al diffusion couple, it has been observed

that in most cases, the TiAl; phase is the first phase to be
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Fig. 4. SEM and EDS image of 50% cold roll bonded sample
after annealing treatment at 590°C for 2 h.

formed and is also the phase that is created in large
quantities at temperatures under the Al melting point. It
is suggested that this is due to an increase in the number
of unoccupied spaces in the Al lattice of the TiAl; layer.
They speculated that in the presence of such a gradient,
Al diffuses more rapidly, preventing the formation and
growth of any expected intermediate phase [18, 19].

Fig. 5 demonstrates the XRD patterns of initial Al,
CRB, and CRB-AT samples. It can be observed that after
the CRB process, the XRD pattern shows peaks
corresponding to only the Al matrix and the added Ti
particles, but after the CRB-AT, almost all Ti is turned
into the TiAl; phase. There is a shift of Al peaks towards
lower diffraction angles for cold rolled samples and
towards higher diffraction angles for heat treated sample.
These changes could be due to high dislocation density
and internal stresses in the first group, and low lattice
size for the second.

Fig. 6 shows the relationship between the thickness
of the TiAl; intermetallic layer and annealing time for

different temperatures. The growth rate of the intermetallic
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Fig. 5. XRD patterns of (a) initial Al sample, (b) 50% cold
roll bonded specimen (CRB), and (c¢) 50% cold roll bonded
specimen after annealing (CRB-AT).
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Fig. 6. Changes in the TiAl3 intermetallic layer thickness vs.
time at different temperatures for 50% cold roll bonded
AVTi/Al specimens.

layer increases dramatically by increasing the annealing
temperature. The results show that intermetallic growth
has a parabolic relationship with time (t). According to
Eq. (1), if the chemical reaction controls the process, the
amount of # is 1, and if the volume diffusion manages it,
the value of n will be 0.5. In this study, the amount of »
for the different annealing time range between 1 h and
10 h was estimated as 0.5, which shows that the volume
diffusion controls the reaction of TiAls intermetallic
formation. The growth rate constant k was determined to
be equal to 0.21 pm/h™. In the report of Xu et al. [19], it
was proved that this process with n =0.49 is managed by
the volume diffusion, for annealing times 2 h to 64 h at
550°C. Some previous researchers [20] stated that the
TiAl; intermetallic formation process contains both the
chemical reaction and the volume diffusion mechanisms.
The first one takes place at the starting times of up to 10
h, and the latter occurred after 10 h. In this study, the
occurrence of this mechanism in low time is related to
previous CRB that changes microstructure, especially at
the interface area. Additionally, Loo et al. [18] stated that
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after nucleation of the intermetallic phase during the
Ti/Al joint interface, the intermetallic compound layer
begins to grow. Diffusion relationships predict that
growth has a quadratic relationship with time, usually a
function of thickness changes of t'”2. Deviation from this
behavior can occur when the concentration gradient and
diffusion coefficient are not constant. Experiments
measuring the growth rate have shown a quadratic
relationship between time and thickness in the Ti and Al
diffusion system [18]. On the other hand, the presence of
oxide layers on the Ti surfaces is the cause of this
problem. It has been observed that once the layer
diffuses, a normal parabolic growth relationship is
established [18].

The results indicate that the diffusion rate between Ti
and Al atoms increases with the rise in annealing
temperature, which widens the diffusion layer and
promotes the formation of the TiAl; phase. According to
previous work of these authors [14], the Ti/Al interfacial
bonding strength enhances gradually as the annealing
temperature increased from 500 to 600°C.

There is a diffusion bonding with high voids in the
interface of the Al matrix and the TiAls layer. It was
stated that in the Al-Ti system at temperatures below
660°C, the only phase that diffuses is Al[21]. Therefore,
some voids establish in previous sites of diffused Al
Examples of these extended voids around TiAl3
intermetallic  for cold-rolled AI/Al sandwiches
containing Ti powders after 2 h of annealing at 600°C
are indicated in Fig. 7. These big voids are created by the
joining of voids formed from solitary diffusion Al-Ti
couples. These holes are similar to Kirkendall voids,
produced in diffusion couples because of the atomic
volume difference between Al and TiAlz. On the other
hand, according to this figure, intermetallic particle
morphology is near rectangular that is similar to particles
obtained from friction stir welding in the same system
[22]. As the previous report [23] indicates, the Al and Ti
solid-state reaction led to the inhomogeneous growth of
the TiAl; layer because of the remaining high amount of
Al. Finally, there are a large number of micro-voids
located at the interface.

The formation mechanism of TiAls intermetallic
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Fig. 7. SEM image of voids around TiAls intermetallic fo
cold roll bonded Al/Ti/Al specimens after annealing at 600°C
for 2 h.

compound can be obtained by evaluating the composite
microstructure that is reached by annealing at 580°C for
the time of 2 h, where the Ti powders consumption has
not been yet completed. The microstructure of cold roll
bonded Al-Ti-Al specimen after annealing at 580°C for
2 h, prepared by focused ion beam exfoliation, is
illustrated in Fig. 8. There are some micro-cracks around
the Ti phase. The formation of micro-cracks can relate
to the increasing of Ti and TiAl; phase masses while the
intermetallic is fabricated. When Al is present around the
Ti particle, that diffusion coefficient of Al in Ti at 590°C
is 1.5 x 10"3 m?s’! [24], and the diffusion coefficient of
Ti in Al at the same temperature is 3.2 x 10" m?s™! [25],
Al diffuses in Ti faster than Ti in Al. On the one hand,
during diffusion, there is always a high amount of Al,
and as a result, an Al-rich TiAlz intermetallic compound
is established. On another hand, by ignoring Ti diffusion
in Al, it can be concluded that Al only diffuses to Ti

ig. 8. SE image of cold roll bonded ATil oposite
after annealing at 580°C for 2 h.
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particle, and vacancies remain at Al because of the
Kirkendall effect. Therefore, volume increase occurs at
the Ti phase [26]. Additionally, the density of the
intermetallic compound is lower than that of Ti, so the
formation of this compound also results in a significant
increase in volume. Densities of the Ti phase and the
TiAl; compound are 4.5 and 3.4 g/cm?, respectively.
Hence, according to Eq. (2), the percent of volume
increase is 256%. This result is valid regardless of Ti
diffusion in Al. In addition, it is assumed that the whole
Ti particle turns to the TiAls compound. This volume
expansion leads to the formation of tension stress at the
outer layer and compression stress at the core of the
particle, causing the buildup of micro-cracks during the
reaction. Because of these micro-cracks, the reaction of
intermetallic compound formation becomes easier and
brittle intermetallic blocks simply break into little
blocks. These results are consistent with the previous
report [27].

According to the results of the present study, the best
annealing condition was selected as the temperature of
590°C and time of 2 h. For the purpose of simplicity, in
the following, this condition was just referred to as
annealing.

Engineering stress-strain curves of initial annealed
Al, cold roll bonded Al/Ti/Al under 50% reduction
(CRB sample), cold roll bonded Al/Ti/Al after annealing
(CRB-AT sample) are presented in Fig. 9. The results
show that the ultimate strength and elongation percent of
initial annealed Al are 150 MPa and 24%, respectively.
After CRB, because of cold work effects, strength is
increased to 250 MPa, while elongation is decreased to
9%. Finally, annealing of cold roll bonded specimen led
to a reduction of strength, but some parts of elongation
recovered by 25% during softening against cold work
specimen. According to [28], insufficient bonding in the
interface of the Al and the TiAl; intermetallic layers
leads to the spread of premature failure in the
intermetallic composite layer, which is more brittle, thus
reducing the strength and elongation of the specimen
containing the intermetallic phase.

The fracture surfaces of these specimens after the

tensile test were examined by SEM and are presented in
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Fig. 9. Engineering stress-strain curves of initial Al, 50% cold
roll bonded specimen (CRB), 50% cold roll bonded specimen
after annealing (CRB-AT).

Fig. 10. The SEM images of initial annealed Al (Fig.
10(a)), cold roll bonded Al/Ti/Al under 50% reduction
(Fig. 10(b)), cold roll bonded Al/Ti/Al after annealing
(Figs. 10(c) and 10(d)) are shown as well. According to
Fig. 10(a), the fracture surface of the initial annealed Al
is indicative of the type of ductile fracture related to the
high elongation of Al. For the CRB specimen, there is a
high number of dimples or holes at the Al matrix that
represents restricted plastic deformation caused by cold
work. However, as shown in this figure, the low
elongation of this specimen is related to the beginning of
rupture between the Al/Ti interface. The fracture surface
of cold roll bonded Al/Ti/Al after annealing specimen is
exhibited in Fig. 10(c), which indicates the annealing
process increases hole’s size which means Al matrix has
more ductile fracture than cold roll bonded composite.
Moreover, TiAls intermetallic compounds with high
hardness 6 GPa are present at the interface. The internal
stress can be increased by the large size of these
particles, and in addition, the strength of the Al
interface can be declined because of Kirkendall voids.
There is a significant rupture at Al/TiAls interface. On
another side, the brittle nature of intermetallic particles
can lead to early failure. Some researchers stated that
Al/Ti composite failure after rolling and annealing is
caused due to a fracture in TiAl; intermetallic compound

[29]. According to Fig. 10(d), there are many micron size
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Fig. 10. SEM images of fracture surfaces after tensile test, (a)
initial annealed Al, (b) 50% cold roll bonded specimen, (c)
50% cold roll bonded specimen after annealing, and (d) 50%
cold roll bonded specimen after annealing at the cross-section
of the fracture surface. (Holes and voids are shown with white
arrows).
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Kirkendall voids up to 10 pm around fractured Al. In
comparison with initial Al, fast growth and joining of
Kirkendall voids around Al/TiAls interface, which were
formed by annealing, led to low ductility of cold roll
bonded AVT1/Al after annealing specimen.

As the temperature increases in the annealing of the
Ti-Al system, the increased bonding strength is
beneficial in delaying the early necking and fracture of
Al/TiAlz composites, thereby enhancing their ductility.
The coarsened TiAl; phase is easy to induce interface
separation. The crack deflection and passivation at the
separation can effectively stop the crack propagation,
which improves the ductility and formability of AI/TiAl3
composites surprisingly. The thick and coarse TiAlz
phases are specifically produced for Al/TiAl;
composites when annealed at 590°C, but they show
excellent elongation. This is attributed to the energy
consumption by crack initiation at Ti/Al interface, thus
the fracture failure of Ti/Al/Ti composites is postponed
[30].

Fig. 11 expresses the results of nanoindentation tests
of different specimens. The nano hardness and modulus
changes of samples and the related load-displacement
curves are revealed in Fig. 11(a) and Fig. 11(b),
respectively. According to Fig. 11(a), for the initial Al
specimen, the values of nano hardness and modulus are
0.35 and 69 GPa, respectively. After cold roll bonding,
the nano hardness and modulus significantly increased
and reached up to 0.45 and 150 GPa, respectively.
Additionally, this figure proves that after annealing, the
high value of nano hardness can be earned, and these
parameters are equal to 0.3 and 80 GPa, respectively.
According to the Oliver-Pharr method, at a constant
maximum load, the higher the maximum displacement
after loading, the less the hardness. The initial Al
displayed the highest displacement among the tested
samples (Fig. 11(b)).

Results of EBSD characterization for CRB Al/Ti/Al
composite after annealing are shown in Fig. 12. The
electron image of this specimen in Fig. 12(a) indicates
that there is a powder particle between AI/Al interface
layers. Phase analysis of this particle (Fig. 12(b)) states

that the powder particle is related to TiAls intermetallic
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Fig. 11. (a) Nanoindentation hardness, and (b) load- Fig. 13(a) and Fig. 13(b) show misorientation angle

displacement curves of initial Al, cold roll bonded Al/Ti/Al
under 50% reduction (CRB), and cold roll bonded Al/Ti/Al
after annealing (CRB-AT) specimens.
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Fig. 13. Misorientation angles distribution for (a) Al matrix,
and (b) TiAl; intermetallic compound of cold roll bonded
Al/Ti/Al after annealing specimen.

Fig. 12. EBSD evaluation of cold roll bonded Al/Ti/Al after
annealing specimen at ND-RD section: (a) electron
microscopy image, (b) phase map, and (c) Al matrix

boundaries phase.
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compounds in this example, respectively. According to
these figures, all existing boundaries, belonging to both
Al matrix and reinforcement particles, are high-angle
boundaries. The maximum intensities for Al and TiAl3
main grain boundaries are misorientation angles of about
28° and 55°, respectively. For TiAlz compound, it may
additionally contain a twin-induced peak near 90°.

To investigate the crystal texture, the results of the
electron back-scattering test were used. First, Table 2
indicated Miller’s indices and Euler’s angles for
essential texture components in materials with FCC
lattice. Important components that are commonly
formed by rolling in these materials include Goss,
Copper, Brass, Dillamore, Cube, and S. On the other
hand, annealing of Al sheets can make significant texture
changes including the formation of cubic components,
the creation of texture similar to rolling texture, the
appearance of one or more components of new texture,
and the development of almost random texture [32].

In this study, annealing led to new recrystallization
components called P, Q, R, and RS. The recrystallization
texture components present in this study, along with
Miller’s indices and related Euler’s angles, are shown in
the list of components in Table 2.

Orientation distribution functions (ODF) also
provide the ability to analyze texture changes in more
detail. These functions can be used to quantify texture in

Table 2. Miller’s indices and Euler’s angles related to the

important components of rolling texture and recrystallization
in FCC materials [32]

9
Texture (hKI} <avw> Euler’s angles
component ®1 D ¢
Copper, Cu 112 111 90 35 45
S 123 634 59 37 63
Goss, G 011 100 0 45 90
Brass, B 011 211 35 45 90
Dillamore, D 4,4,11 1,11,8 90 27 45
Cubic, Cb 001 100 0 0 0
Rotated Cubic,
RCb 001 110 45 0 0
Rotated Goss, RG 110 110 0 90 45
Recrystallization
Texture P 011 122 70 45 0
Recrystallization
Texture Q 013 231 58 18 0
Recrystallization 124 211 57 29 63
Texture R
Recrystallization
Texture R5 852 524 65 81 27
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terms of a small number of key components. Images
obtained from @, sections of 45°, 65°, and 90°, are
commonly used to examine the rolling texture, as they
contain all the components of FCC deformation texture.
The rolling components are shown in Fig. 14.

The pole figures of the (111) plane and the
orientation distribution functions at 45°, 65°, and 90° of
the ¢» section, related to the initial Al specimen, cold roll
bonded specimen, and the annealed specimen are
revealed in Figs. 15 and 16, respectively. It should be
noted that the pole figures and orientation distribution
functions are measured at half of the sheet thickness. The
positions of some important components are shown in
(111) pole figures. However, due to the interconnection
or proximity of different components in pole figures, it

is not possible to determine the exact intensity of the
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Fig. 14. Schematic of important component positions in
rolling materials with FCC structure in ¢2 sections equal to
45°, 65°, and 90°: Brass (B), Copper (Cu), Cubic (Cb),
Dillamore (D), Goss (G), Rotated Cube (RCb) and Rotated

Goss (RG).
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Fig. 15. (111) pole figure of (a) initial Al, (b) cold roll bonded
Al/Ti/Al under 50% reduction, and (c) cold roll bonded
Al/Ti/Al after annealing specimens.
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Fig. 16. ODF of (a) initial Al, (b) cold roll bonded Al/Ti/Al
under 50% reduction, and (c) cold roll bonded Al/Ti/Al after
annealing specimens.

components and to do so, the distribution functions must
be used. Fig. 15(a) shows that the initial Al has RS and
Q recrystallization texture components. It also contains
the S-rolling texture component, which is associated
with the effects of pre-annealing Al deformation.
According to Fig. 16(a), the orientation distribution
functions for the initial Al specimen confirm the
presence of recrystallization texture.

The (111) pole figure of the cold roll bonded (CRB)
specimen in Fig. 15(b) indicates the formation of the
rolling texture, including the Copper and Goss
components. The S component is also strengthened in
this case. Among the recrystallization texture
components, only the RS recrystallization component
after CRB is present with a slight decrease in intensity.
The images of the orientation distribution functions of
this specimen, illustrated in Fig. 16(b), indicate the
formation of the Goss component, one of the
components of the alpha fiber (¢,=90°).

According to Fig. 15(c), annealing after cold-rolled
bonding has led to reinforcing the recrystallization
texture component. In this case, in addition to the
presence of R5 and R components, another strong
component of the recrystallization texture, the P
component, has been created. This change in the
annealing texture, relative to the initial Al, is associated
with large Ti aluminide particles. The presence of the

second particle completely changes the movement of the
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boundaries, changing the texture of the annealing [32].
The images of the orientation distribution functions for
this specimen are also shown in Fig. 16(c) and indicate
the disappearance of rolling texture components and the
formation of areas with recrystallized texture. On the
other hand, the intensity of the fibers decreases due to
annealing. Although, the partial appearance of the cube
component is also seen here as a result of applying the

annealing treatment.

4. Conclusion

1. The cold roll bonding and then annealing at a
temperature of 590°C for 2 h led to the creation of
the TiAl; intermetallic layer.

2. The growth process of the TiAls intermetallic layer
is managed by the volume diffusion mechanism.
The effect of the temperature on the TiAls
intermetallic layer growth is higher than the time
of annealing.

3. Formation mechanism of TiAl; intermetallic can
be described by the following stages: increasing
Ti and TiAl; phases masses, micro-cracks
formation, higher diffusion of Al in Ti,
Kirkendall voids remaining in Al, volume
increasing at Ti and TiAl; phases (256%), stress
formation along with particle, micro-cracks
establishing and TiAl; formation easier
companying brittle blocks.

4. Evaluation of mechanical properties showed the
failure of Al/TiAl3 composite initiates in the brittle
intermetallic layer. This composite also represents
hardness and modulus equal to 0.3 and 80 GPa,
respectively.

5. According to EBSD characterization, the
composite contains the TiAl; polycrystalline
compound with small grains (5 pm) located in the
large grain Al matrix (60 um).

6. Texture analysis indicated the disappearance of
rolling texture components after annealing and the
formation of a new recrystallization texture

component.
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