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The dramatic texture and microstructural changes observed in 6061Al-20vol%SiC,, metal matrix composite
undergoing severe thermal cycles, under the absence and the simultaneous action of an external tensile stress, are
studied. Under only thermal cycles (100-450 °C) homogenization and disorientation of the SiC whisker rein-
forcement and crystallographic texture randomization occurs. However, when a simultaneous tensile stress is
applied, the whiskers rotate so that their long direction aligns with the tensile axes. Furthermore, a strong texture
and large deformations (superplasticity), higher than 1000%, are achieved. These results are explained on the
basis of the microscopic stress fields generated at the different microstructural scales (stresses of type II and type
I1I) and well-known observation of dislocation generation at the SiC-metal interface during the cooling period of
the cycles. We propose that moving dislocations (responsible of type III stresses) operate differently under the
absence or the presence of the external stress. Under no stress, dislocation motion (occurring mainly during the
heating period) is driven only by the type II internal stress. However, dislocation motion is improved when an
external stress is applied, leading to texture changes and large elongations. Despite that a low external stress is
applied, it overcomes the effect of the internal stresses for dislocation motion.

1. Introduction

Nowadays, it can be said that metal matrix composites, MMCs, which
emerged in the 1970 s and 1980 s of the past century creating great
expectations, have reached maturity. These materials have outstanding
mechanical properties compared to their corresponding metallic
matrices; They have improved mechanical properties at both room [1]
and elevated [2,3] temperatures, better wear resistance [4,5], and
thermal stability [6]. Possibly, the only barrier to their everyday use, e.
g, in the transport and energy industrial sectors, is their still limited
competitive manufacturing costs [7].

The potential use of MMCs includes not only applications at high and
steady temperatures (isothermal conditions) but also uses in which
changing temperature (thermal cycling) conditions, such as in some
engine parts, can be relevant [8]. Although their good isothermal creep
behavior has been demonstrated [2,3], it is important to note that when
the experimental conditions involve severe temperature changes, the
tensile behavior of MMCs undergoes dramatic changes, as it has been
shown in several investigations [8-13]. In summary, these materials
deform under very low applied stresses, but at relatively high strain
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rates, in comparison to deformation behavior under isothermal creep
conditions. A transient creep (primary creep region) is not manifested
and, rather, the strain rate is found to be constant with increasing strain.

In addition, they may also experience very large deformations,
exceeding 1000% tensile elongation: i.e., superplasticity is achieved
[14-16]. This kind of superplasticity is usually referred to as internal
stress superplasticity [15-17], ISS. It differs from the as known “struc-
tural superplasticity” (which occurs under isothermal conditions),
where grain boundary sliding, GBS, is well accepted to be the dominant
deformation mechanism [17-19]. On the contrary, the deformation
mechanisms responsible of ISS in MMCs have not yet been fully inves-
tigated, though the internal stresses may play a crucial role. One must
consider that different types of internal stresses (at different scales) can
be developed in MMCs [20]. However, the way these stresses evolve
during the thermal cycles is described in a rather general and ambiguous
manner [12].

The dominance of the GBS mechanism in structural superplasticity is
supported, for example, by crystallographic texture randomization
induced by grain rotation during deformation. Grain rotation implies
that grains, initially possessing a common crystallographic orientation
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with the tensile axis, tend to reorient differently from each other with
increasing strain, a phenomenon which leads to texture intensity
decrease [18,19]. In contrast, and despite the above studies on the
thermal cycling creep behavior of MMGs, it is surprising that analyses
from the point of view of the crystallographic texture changes are still
scarce and incomplete [21,22]. Texture evolution has shown itself to be
a powerful tool for investigating not only microstructural changes of
materials undergoing different thermomechanical treatments, but also
the underlying mechanisms responsible for them [23-25]. The textur-
e/microstructure changes observed in the present work will be
explained within the framework of the microscopic internal stress fields
generated as a consequence of the large difference in the coefficient of
the thermal expansion (CTE) between the matrix and the reinforcement
(of about 6:1 in this composite). Conventionally, these stresses, devel-
oped at different microstructural scales, are referred to as microscopic
residual stresses, m-RS, as long as they remain in the material after a
thermomechanical treatment [20]. In the present case, however, they
will be called internal (non-residual) stresses due to the drastic changes
that they are proposed to undergo during thermal cycling.

In summary, the purpose of the present study is to explain the
microstructural and crystallographic texture changes observed in pow-
der metallurgical, PM, 6061Al-20vol%SiC,, composite when it un-
dergoes repeated and severe thermal cycles and also when a tensile load
is applied during the thermal cycles. It must be kept in mind that despite
their outstanding properties, the dramatic different mechanical
behavior of MMCs between isothermal vs. thermal cycling conditions
can be a serious drawback in the design of structural components
operating in situations where temperature variations may occur. In
particular, when an external load is applied during the thermal cycles
[9]. For this reason, their behavior under these conditions needs further
attention.

2. Material and experimental details

The material investigated is 6061Al-20vol%SiC,y, MMC. It was
manufactured in the form of a back-extruded tube by a PM route. The
manufacture procedure is sketched in Fig. 1. Briefly, the procedure
consists of first mixing the commercial aluminum alloy powder with the
SiCy of 1 um in diameter and 10 in aspect ratio. The powder mixture is
then hot compacted using the appropriate tools, Fig. 1A). Finally, the
powder compact, Fig. 1B), is progressively back-extruded, as shown in
Fig. 1C) and D). Dimensions of the final tube, Fig. 1E), were 152.5 mm in
diameter with 12.7 mm wall thickness. Details of the tensile sample
dimensions and the thermal cycling tests are described in [15]. Tests
were conducted on samples machined with the tensile axis direction
parallel to the extrusion, E, and transverse, T, directions, consistently
with the reference system sketched in Fig. 1E). Thermal cycling tests
were carried out under controlled constant stress conditions, while the
temperature oscillated in the interval of 100-450 °C in a period time of
200 s [15]. For the present study, a longitudinal sample tested at 10 MPa
and a transverse one tested at 7 MPa were selected for microstructural
characterization. The strain rates achieved were, approximately, of 5 x
10 %s!and 3 x 107% 57}, respectively.

Metallographical analysis was conducted using TENEO-FEI scanning
electron microscopy, SEM, and optical microscopy, OM, after appro-
priate sample surface preparation, using conventional metallographical
procedures. These samples were taken from sections of the original tube
and the thermally cycled samples. The observations correspond, there-
fore, to the bulk microstructure of the composite after the different
conditions.

Finally, texture measurements were performed using a Bruker AXS
D8 diffractometer equipped with a Co-Ka X-ray tube with Goebel mirror
optics and a LynxEye linear position-sensitive detector in 0D/high res-
olution mode. These measurements were completed on, both, the Al
alloy and the SiC,, reinforcing phases. Pole figures {111}, {200}, {220},
and {311} for the Al alloy phase and {111}, {220}, and {311} and for
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Fig. 1. Scheme of the PM manufacturing process of the extruded MMC tube. A)
Compaction of the Al alloy and SiC powder blend. B) Resulting green com-
pacted powder. C) and D) Back-extrusion process of the compacted blend. E)
Final consolidated MMC tube showing the cylindrical coordinate system.

the SiCy reinforcing phase were obtained over azimuthal angles y
ranging from 0° to 75° in step mode. For both polar coordinates, y and ¢,
measurements at increments of A(y, ¢)=5° were taken to cover all
possible spatial sample orientations. A texture-less standard sample of
pure Al was used for defocusing correction. Quantitative three-
dimensional orientation distribution functions, ODF (or f(g) where g is
the orientation in the Eulers space given by Euler angles ¢;, @, and ¢2),
were obtained using the series expansion method (Ihax=22). The ODFs
were represented with iso-intensity lines in equidistant sections, Ags
=5° in the Euler’s space. The quantitative texture analysis and the
representation of pole figures and ODF- f(g) were carried out using the
MATLAB toolbox MTEX software [26]. Since the short SiC,, whiskers are
single crystals (FCC structure) with the (111) crystallographic direction
parallel to the long whisker direction, macro-texture analysis of this
phase provides direct quantitative information (completer and more
reliable than SEM or OM) of the overall 3D whisker alignment in the
aluminum matrix, similarly as in [27].

3. Results

The microstructure of the composite has been briefly outlined pre-
viously [15]. In the present study, both the microstructure and texture
are described in detail (see Figs. 2 and 3). In Fig. 2, a reasonable ho-
mogeneous distribution of the SiC,, in the metallic matrix, similar to that
observed in other investigations [28], is revealed. Some whisker-free
regions, however, can also be observed. These regions, indicated by
arrows in Fig. 2A) and B) and also observed in the high magnification
micrographs of Fig. 2C) and D), are characterized by being elongated
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Fig. 2. Metallographical sections showing the distribution of the SiC,, reinforcement in the interior of the as-extruded tube. A) E-N section showing elongated
whisker-free regions (see arrows) parallel to E direction. B) E-T section showing wider whisker-free regions (arrows), also parallel to E direction. C) and D) High

magnification micrographs of both sections with a detail of whisker-free regions.

when viewed from E-N cuts, Fig. 2A), but more rounded from an E-T
section, Fig. 2B). From these views, it is inferred that they are elongated
wafer shaped regions, in which the long direction is parallel to E while
the short one is parallel to N. The presence of free-whisker regions in
MMCs is normal, and is a consequence of the difficulty in achieving a
complete uniformity of the reinforcing phase during composite
manufacturing [28,29]. On the other hand, the plastic flow triggered by
the extrusion process causes the tendency to the short whiskers to be
slightly aligned with E direction and placed preferably on the E-T plane.

The crystallographic texture of the Al alloy and SiC,, phases is not too
strong. It is summarized in the f(g) vs. @2 plot of Fig. 3A). For the Al alloy
phase it can be described by a combination of the Goss orientation (G)
{110}(001), which lays in the a — fiber, and the {113}(332) + {531}
112) orientations, which lay in the g-fiber, close to Copper (Cu), {112}(
111), and S, {123}(346) or {124}(112), orientations. Except for the
absence of the Brass (Bs) orientation, {110}< 112 >, these fibers are
typical of aluminum alloys processed by rolling [30-33]. The above one
is a significant finding which reveals that the constraint imposed by the
back-extrusion process to obtain the tube is similar to that of a rolling
one. In this framework, the extrusion direction, E in Fig. 1, would be
equivalent to the rolling one and, similarly, N and T to the normal and
transverse directions, respectively. This is consistent with the idea that a
plain strain condition (with E-N in Fig. 1 the deformation plane) is
imposed to the back extruded tube. Fig. 3B) reveals the rolled-like
texture in the form of a 111-pole figure of the metallic matrix. The
weak texture is most likely due to the presence of the reinforcing phase,

which prevents the development of a strong deformation texture. In
other words, the un-deformable SiC,, facilitate the formation of new
recrystallized grains (randomly oriented) by a
particle-stimulated-nucleation, PSN, mechanism [27,34].

On the other hand, the texture of the SiC,, phase is consistent with
the microstructural observations, Fig. 2. As shown by the 111-pole
figure, Fig. 3C), the maximum intensity (1.7 times the random one) is
obtained along E direction. Similar to the Al alloy phase, the texture
intensity of the SiCy, is quite low. The tendency of the SiC,, to be aligned
with E is consistent with the deformation suffered by the material
(similar to a rolling process). These results show that the short SiCy,
initially randomly oriented in the green powder compact, tend to realign
with E during the back-extrusion process [15].

Two important findings are seen when the composite material un-
dergoes repeated cycles (about 2000). The results are visible from Figs. 4
and 5, where the microstructure and the texture, respectively, are
shown. Firstly, it can be seen from Fig. 4 that the original whisker-free
regions, as viewed from section E-T, vanish, revealing that the SiCy
have, literally, moved in the Al alloy matrix, filling in these regions.
Secondly, the initial low texture intensity of, both, the Al alloy and SiC,,
phases diminishes becoming nearly random. As it will be discussed,
these results can be interpreted from the evolution and interaction be-
tween the microscopic internal stress fields developed in the composite.

When, additionally, an external stress is applied (and superplasticity
is achieved), the changes are even more accentuated. This can be seen in
Figs. 6 and 7, where the microstructure and the texture, respectively, of
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Fig. 3. Texture of the as received composite material. A) Variation of the ODF intensity, f(g), with Euler angle ¢, showing the f fiber of the Al alloy phase and the
orientations of the ceramic reinforcement. B) 111 pole figure revealing the slight trend of the crystallographic (111) matrix grains to be oriented parallel to E di-
rection. C) 111 pole figure revealing the slight alignment of the SiC,, with E direction.

samples which have been pulled along directions E and T, are shown.
Fig. 6A) and B) show the alignment of the SiC,, in samples pulled along E
and T, respectively (the tensile axis in each case is indicated by arrows).
In both cases, a rotation of the SiC,, long direction towards the external
applied stress axes is produced. This result is the opposite to what it is
obtained with only thermal cycles, Figs. 4 and 5. The SiC,, realignment
with the tensile axes and the homogenization process take place
simultaneously. Fig. 6C) is an example of the extremely high tensile
elongations (> 1000%) achieved under these thermal cycling condi-
tions. Large tensile elongations and whisker alignment with the tensile
axis direction have been reported in previous studies on MMCs pulled
under thermal cycling conditions [22].

Fig. 7 summarizes the texture, in the form of 111 pole figures for the
metallic and ceramic phases of the thermally cycled composite samples
stretched along E, Fig. 7A) and B), and T axis, Fig. 7C) and D). Now, a
clear increase of texture intensity occurs. Texture of the matrix phase,

Fig. 7A) and C), reveals that a significant amount of grains rotated to
accommodate the crystallographic (111) with the tensile axis direction.
On the other hand, pole figures of Fig. 7B) and D) (corresponding to the
reinforcement), also accentuate the intensity in the tensile axis direc-
tion, consistent with the whisker reorientation, Fig. 6. The texture in-
crease revealed by Fig. 7A and C) accounts for a strong dislocation
motion activity in the absence of strain hardening. Dislocation motion
on FCC slip systems provokes lattice grain rotation such that the crys-
tallographic (111) aligns with the tensile axes.

In summary, the most relevant result derived from the texture
measurements is that the crystallographic (111) of the Al grains rotates
towards the tensile axis direction, regardless its orientation with the
sample reference system. This is opposite to the observed texture decay
after conventional superplastic deformation where GBS dominates the
large elongations achieved. The texture intensity increase can be
correlated with the microscopic internal stresses developed and the
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Fig. 4. Microstructure of the 6061A1-20vol%SiC,, composite material (section
E-T) showing the reinforcement distribution in the metallic matrix after thermal
cycling. The initial whisker-free regions visible in the original microstructure
(Fig. 2) have virtually disappeared.
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Fig. 5. Texture of the thermally-cycled 6061Al1-20vol%SiC,, composite mate-
rial. A) 111 pole figure of the Al alloy matrix showing orientation spread
around N direction and emergence of G orientation. B) 111 pole figure of the
SiC,, reinforcement revealing their tendency to reduce texture intensity and
whisker alignment.

motion of a high amount of dislocations, as it will be discussed in the
next section.

Understanding in depth the specific changes of the texture compo-
nents observed between the initial state, Fig. 3, and those resulting from
repeated thermal cycles, in the absence, Fig. 5, and under the simulta-
neous action of the external load, Fig. 7, is complex and is beyond the
scope of this study. This work, which is based on the analysis of the ODFs
obtained in each case, is under progress and will be the subject of future
publication.

Finally, it is worth mentioning that the dramatic microstructural
changes observed in this composite after thermal cycling conditions is
contrary to the general high microstructural stability of MMCs after
isothermal treatments [35,36]. This is associated with a dislocation
generation process at the metal-ceramic interface, to the interaction
between microscopic stresses, and also to the inhibition of a dislocation
pinning effect. All this will be treated in the next section.

4. Discussion

The observed texture changes will allow explaining the thermal
cycling behavior of MMCs on the basis of the evolution of the
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microscopic internal stress fields and their interaction with the dislo-
cations. As mentioned, the importance of dislocation motion and the
internal stresses has been suggested to account for this behavior. How-
ever, a complete and thorough description of the thermal cycling
behavior of MMGs is, surprisingly, still absent [12,13].

As known, m-RS in MMCs are developed not only between matrix
and reinforcing phases (within a scale ranging in the order of some few
pum) [20]. Microscopic stresses are also generated at a much lower scale,
that of the distance between lattice defects; i.e., in the order of nano-
meters (e.g., the distance between dislocations) [37]. The first one,
which originates as a consequence of the different CTE between matrix
and reinforcement, is usually denoted as type II stress (like the so called
inter-granular stress in single phase alloys) and the second one as type III
stress. A detailed summary of the different types of internal stresses that
can be developed in these composite materials can be found elsewhere
[20,28]. Since the manufacture routes of MMCs always involve high
temperature stages, the type II stress fields are such that the metallic
matrix is in tension, whereas it is compressive in the reinforcement to
balance the matrix tensile stress once the material is cooled down to
room temperature. As mentioned in the introduction, these will not be
referred to here to as residual, but as internal stress fields since they will
undergo important variations during the thermal cycles, as it will be
proposed.

On this basis, the different phenomena observed during composite
thermal cycling, summarized in Figs. 4-7, can be understood from the
way the different microscopic stress fields evolve and interact with the
dislocations generated at the SiC-Al interface. We propose that the
evolution of microscopic stresses (type II and III) during a given cycle
occurs as schematically described in Fig. 8. Here, a linear dependence of
temperature with time, both in the cooling and heating stages, is
assumed for simplicity.

During the first period of the cooling stage, period ty-t; in Fig. 8
(where t = t; is, say, a given arbitrary time instant during cooling), type
II stress in the Al alloy phase increases until yielding occurs at t;.
Similarly, the corresponding stress in the reinforcement becomes
negative, faster (in absolute value) than in the alloy due to its lower CTE
and higher elastic modulus. When time t; is reached, local alloy yielding,
i.e. dislocation generation, occurs, mainly at the near ends of the SiCy,.
As it is known, dislocations are massively generated at metal-ceramic
interface, mainly at whisker ends, during the cooling stage involved in
the fabrication process of these MMCs. Proof of this is given in several
studies which report TEM observations of this interface during cooling
and heating in situ experiments [38-40]. This effect is due to the large
difference between the CTE of the metallic matrix and the ceramic
reinforcement, which obliges the matrix to yield beyond its elastic limit.
On this way, the metallic matrix not only accumulates a tensile internal
stress (while the stress in the ceramic is compressive), but also a large
amount of dislocations, mainly at whiskers ends in agreement with [39].
As mentioned, detailed TEM studies have been conducted to show, in
situ, the generation of dislocations during cooling of MMC materials
[37]. The amount of dislocations generated by this process has been also
the subject of detailed studies in the past [39]. We propose that these are
mainly moving dislocations, which inhibit dislocation pinning effect for
microstructural stabilization. Dislocation generation involves the
appearance of type III internal stresses, consistently with [28]. Further
cooling after t;, in period t;-t, type Il stress (in the metallic and ceramic
phases) increases, but it must occur at a lower rate than in period ty-t;.
This is because the matrix keeps yielding, but it must occur now under
local strain hardening, i.e. an associated increase of the dislocation
density. Dislocation generation progresses as temperature continuous to
decrease in this period, leading to an accompanying increase of the type
III stress field. At the lowest temperature of the cycle, Ty, at ty in Fig. 8,
the maximum level (in absolute value) of the microscopic internal
stresses, type II and III, must be attained.

During the subsequent heating period, the opposite phenomena must
occur: The Al alloy phase expands faster than the ceramic one and the



M. Eddahbi et al. Materials Today Communications 33 (2022) 104914

C)

Fig. 6. Microstructure of the 6061Al-20vol%SiC,, composite material (section E-T) showing homogenization of the reinforcement due to thermal cycling and
alignment with the external stress direction (indicated by arrows). A) Applied stress along E direction. B) Applied stress along T direction. C) Example of super-
plasticity achieved, exceeding 1000% elongation, after thermal cycling under an external applied load.
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Fig. 7. Pole figures, (111), of thermally cycled samples under a uniaxial external applied stress along direction E for: A) the matrix phase and B) the SiC,, one, and
direction T for: C) the matrix phase and D) the SiC,, one.
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Fig. 8. Scheme indicating the way in which the microscopic internal stresses
(type II and type III; 6;; and o, respectively) evolve during a given temperature
cycle. For simplicity, a linear dependence of temperature on time, T(t), during
the cooling and heating periods of the cycle is assumed. Super-indexes M and R
of the internal stresses denote matrix and reinforcement, respectively.

accumulated type II stress generated in both phases in period ty-t; re-
lieves progressively (in absolute value). In agreement with [38], the
generation of dislocations of opposite sign to that of the dislocations
generated during cooling should not occur. Instead, the dislocations
must move, driven by the internal (an, if so, external) stresses until they
disappear, with the consequence of a “net” plastic deformation of the
sample. Assuming that in period t-t3 the temperature is not high enough
for local dislocation restoration/rearrangement phenomena and that
type II stress does not affect the dislocation structure, type III stress must
not be altered. Only a slight decrease associated with the decrease of
elastic constants with temperature might occur. Once a high enough
temperature is reached, say at t = ts in Fig. 8, local restoration phe-
nomena, including dislocation motion, reorganization, and annihilation
(towards possible sub-grain formation) should begin. This leads to a
decrease in type III stress until the initial stress level is reached at t = t4.
This is, again, in agreement with the observed phenomenon of the
disappearance of dislocations at high temperature in similar MMCs [39].
At this point, the microscopic stress field is the one associated with the
remaining lattice defects, including the residual dislocation density.
Here, at t = t4, the maximum temperature of the cycle, Ty, is reached
and type II internal stress may have vanished (the same stress level as in
t = tpis attained). Assuming that the evolution of the dislocation density
at SiCy, ends does not modify the contraction rate of the matrix/rein-
forcement phases, the rate at which type II stress decreases during
period t3-t4 can be considered nearly constant, in agreement with the in
situ TEM observations of Al-SiC MMC interface while heating [38,39].
The reversible character of the expansion/contraction processes of ma-
trix and reinforcement which can be associated with the thermal cycles
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allows the evolution of these microscopic stress fields to be repeated
during the successive cycles.

It is proposed that, in the absence of an external applied stress, the
dislocation density (mainly formed by moving dislocations) generated in
period t;-t is driven by type II stresses; dislocation motion during the
period ts-t4 occurs in a way that their associated type III stress field
gradients also decrease to minimize the local dislocation density. These
gradients are initially established by the degree of inhomogeneity of the
reinforcement distribution in the matrix, Fig. 2, and to the observation
of dislocation generation mainly at SiC,, ends [40]. Therefore, disloca-
tion motion in period ts-t; should occurs in a way that the SiC,, rein-
forcing particles are “pushed” apart from each other to minimize the
strain energy associated with the type III stress field; The closer the SiC,,
are the higher the local dislocation density and the accompanying type
III stress and internal strain energy. As it has been observed [40], the
dislocations generated on cooling form tangles near the reinforcement
and the distribution was seen not to be homogeneous; the dislocation
density was higher in the vicinity of the SiC particles that at large dis-
tances from them. This explains the reinforcement homogenization and
the increasing disorientation observed after thermal cycles, Figs. 4 and
5. Furthermore, dislocation motion in stage t3-t; must occurs, to some
extend, in a random manner. In this way the intensity of the initial g
fiber type texture of the matrix must decrease with respect the initial
one.

If an external tensile stress is also applied, the motion of the huge
amount of moving dislocations in period t3-t4 is also affected by the
external stress. Massive dislocation motion, driven mainly by this stress,
occurs resulting in a macroscopic strain compatible with the tensile
stress direction. Due to the extremely high elongation achieved in these
conditions, matrix deformation obliges the un-deformable SiC,, to rotate
towards the tensile axis direction, as also observed in [22]. Contrary to
the case of only thermal cycles (no external stress) the strong fiber
texture developed in the matrix phase is a consequence of a massive
dislocation motion. As a result, the individual grains rotate the crystal-
lographic (111) towards the tensile axes direction.

It is worth remarking on the very different deformation mechanism
associated with the superplastic behavior observed here, Fig. 7,
compared to the commonly accepted GBS mechanism in monolithic
superplastic alloys [17-19]. Superplasticity in MMCs under
thermal-cycling conditions occurs, as it has been demonstrated, as a
result of the motion of a huge amount of dislocations. The dislocations
are generated during the cooling period of the cycles at the
metal-ceramic interface and they move, driven principally by the
externally applied stress, during the heating period.

5. Summary

The texture and microstructural changes observed in 6061A1-20vol%
SiCyy MMC during repeated thermal cycles, under the absence and the
simultaneous action of an external tensile stress, are explained on the
basis of the microscopic internal stress variations and the interaction of
these stress fields with the dislocations generated during the cooling
period of the thermal cycles. Temperature changes modify microscopic
internal stress fields (type II and III). In the cooling period a large
amount of moving dislocations is generated at the matrix-reinforcement
interface, mainly at the near ends of the SiC,, (the interface “pumps”
moving dislocations to the metallic matrix, inhibiting dislocation
pinning phenomenon). During the heating period the dislocations move
driven by the action of the type II stress fields, an interaction which must
result in a non-directional collective dislocation motion. Reinforcement
homogenization is observed and associated with a reduction of type III
microscopic stress field gradients. The near random dislocation motion
occurring during heating also reduces the texture intensity and type II
stress becomes insignificant.

If a uniaxial external stress is also applied, the texture is accentuated,
revealing that the motion of the large amount of dislocations is mainly
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driven by the external stress, with little effect of the internal ones. Here,
extremely large elongations can be achieved by a simple massive
dislocation motion process. The motion of dislocations on their crys-
tallographic systems obliges matrix grains to rotate the crystallographic
(111) with the tensile axis direction.

Finally, the most significant finding that can be drawn from this
research resides in the dramatic change of role that the SiC-Al interface
must play during service at high temperature of these MMCs depending
on the external conditions; When isothermal conditions prevail during
component service, load transfer at the interface is the dominant un-
derlying mechanism if the composite undergoes external stresses. This
gives the material the superior mechanical properties, in comparison to
the corresponding unreinforced alloy. However, when the external
conditions involve severe and repeated temperature changes, the load
transfer mechanism vanishes and, instead, a mobile dislocation pumping
phenomenon operates at the interface. This confers the material a very
high ductility (superplasticity), in particular when the external loads are
very low. Therefore, it must be emphasized that for the design of
structural components manufactured from MMCs, it is crucial to know
the specific external stresses and temperature variation ranges under
which they will operate. A dramatic change in the mechanical response
must be expected if the temperature variations are excessive.
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