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Abstract: The hot forming behavior, failure mechanism, and microstructure evolution of in-situ TiB, particle-reinforced
7075 aluminum matrix composite were investigated by isothermal compression test under different deformation
conditions of deformation temperatures of 300—450 °C and strain rates of 0.001—1 s™'. The results demonstrate that the
failure behavior of the composite exhibits both particle fracture and interface debonding at low temperature and high
strain rate, and dimple rupture of the matrix at high temperature and low strain rate. Full dynamic recrystallization,
which improves the composite formability, occurs under conditions of high temperature (450 °C) and low strain rate
(0.001 s"); the grain size of the matrix after hot compression was significantly smaller than that of traditional 7075Al
and ex-situ particle reinforced 7075Al matrix composite. Based on the flow stress curves, a constitutive model
describing the relationship of the flow stress, true strain, strain rate and temperature was proposed. Furthermore, the
processing maps based on both the dynamic material modeling (DMM) and modified DMM (MDMM) were established
to analyze flow instability domain of the composite and optimize hot forming processing parameters. The optimum
processing domain was determined at temperatures of 425-450 °C and strain rates of 0.001—-0.01 s', in which the fine
grain microstructure can be gained and particle crack and interface debonding can be avoided.

Key words: in-situ TiB, particles; aluminum matrix composite; hot compression deformation; particle fracture;
interface debonding; dynamic recrystallization

the distinct difference in mechanical properties

1 Introduction

Due to the excellent combination of aluminum
matrix which has good ductility and toughness and
ceramic particles which have high strength and
stiffness, the particle reinforced Al matrix
composites (PR-AIMCs) have great potential to be
applied as light mass materials because of their
superior mechanical and physical properties such as
high specific strength and stiffness, wear resistance,
fatigue resistance, and low thermal expansion
coefficient [1,2]. In particular, in-situ PR-AIMCs
are increasingly popular due to the evenly
distributed particles and better cohesive interfaces
between the particles and the matrix [3,4]. However,

between the metal matrix and the reinforced
particles renders the composite rather complicated
in plasticity behavior and failure mechanism [5,6].
Therefore, fabricating high-performance PR-AIMC
components via metal forming operations requires a
full understanding of the plasticity behaviors,
microstructure evolution, and failure mechanisms
of the composite under specific process condition.
Attempts have been devoted to explore the hot
deformation characteristics of PR-AIMCs and to
develop constitutive models [7-9]. CHEN et al [10]
found that the flow behavior of the SiC/8009Al
composite was attributed to the intense dynamic
recovery caused by the fine Alj,(Fe,V);Si-
phase dispersoids with a high volume fraction.
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GANGOLU et al [11] and SARAVANAN and
SENTHILVELAN [12] found that the reinforced
particles could increase the average activation
energy of the B4C/A356 and the AlL,O;/AA7075
composites. PATEL et al [13] found that the
softening mechanism of the SiCp/2014Al
composites is caused by two reasons: the interface
debonding when Zener—Hollomon parameter (Z)
is large, and dynamic recovery/recrystallization
(DRX) when Z-parameter is small. Both
microstructure evolution and fracture mechanism of
PR-AIMCs in hot forming processes are also
research hotspots. Some researchers stated that the
failure mode of PR-AIMCs is mainly attributed to
particle fracture, interface debonding and dimple
rupture of the matrix [5,14,15]. LI et al [16]
investigated the hot deformation behaviors of a
B4C/6061Al composite; they found that interface
debonding and particle crack are more prone to
occur under the deformation condition of high
strain rate and low temperature, while the adiabatic
shear band is more likely observed at a very high
strain rate.

Theoretical approaches, for example, the
processing map (PM), are increasingly used to
optimize the hot forming processing parameters of
PR-AIMCs and to explain the microstructure
evolution associated with different temperatures
and strain rates [17—-19]. RAMANATHAN et al [20]
constructed the processing map of a SiC/2124Al
composite and found that DRX occurred when the
maximum power dissipation efficiency (PDE) was
up to 38%. By developing PMs at different strain
levels, SENTHILKUMAR et al [21] established the
relationship between microstructure evolution and
process parameters such as temperature, strain rate,
and strain for a TiC/5083 Al composite, where DRX
mainly occurred under conditions of high
temperatures (400—450 °C) and low strain rates
(0.01-0.08 s™"), while flow localization occurred at
high strain rates. In a study of the deformation
behavior of SiCp/2024Al prepared by powder
metallurgy, SHAO et al [22] found that finer SiCp
and smaller 2024Al powders can shift the DRX
domain to higher strain rates and lower
temperatures, and decrease the peak value of PDE.
The research of XU et al [23] on a SiC,/6061Al
composite shows that the instability regions
predicted by the Prasad’s and the Murty’s
instability criteria are smaller than the actual one,

and the Gegel’s instability criterion is not
appropriate for the composite.

However, for in-situ PR-AIMCs in which the
reinforcing particles are generated by chemical
reaction, a full understanding of their unique
microstructure, mechanical properties, deformation
behaviors, and failure mechanism is still lacking. In
this work, the deformation behavior and failure
mechanism of an in-situ 6 wt.% TiB, PR-AIMCs
were investigated by isothermal compression tests
at various temperatures from 300 to 450 °C and
strain rates from 0.001 to 1 s'. The microstructure
evolution and micro-fractography were examined in
detail, and PMs with different instability criteria
were specially established for optimizing the hot
forming parameters, and microstructure observation
was employed to verify the PMs.

2 Experimental

The studied in-situ TiB,/7075Al composite
was synthesized by casting with a mixed salt route.
More details about the material preparation process
can be found in the work of CHEN et al [24]. A hot
extrusion process with an extrusion ratio of 10:1
was employed to fabricate the as-cast material into
rods, and the extruded rods were then subjected to
the stress-relief annealing at 450 °C for 1 h. The
cylindrical hot compression specimens with 10 mm
in diameter and 15 mm in height were machined
from the rods via wire -electrical discharge
machining. The height direction of the specimens,
i.e., the compressive direction, is parallel to the
extrusion direction (ED). Isothermal compression
tests were performed on a Gleeble 3500 thermal-
mechanical simulator. The process conditions were
the combination of temperatures of 300, 350, 400
and 450 °C with strain rates of 0.001, 0.01, 0.1 and
1 s™'. All the specimens were finely polished to
minimize the machining defects, and the
specimen—anvil interface was lubricated with
graphite. The specimens were heated to the
designed deformation temperatures at a speed of
5°C/s, held for 15min to homogenize the
temperature distribution, and then continuously
compressed up to a height reduction of 50%,
followed by quenching.

The microstructure and orientation imaging
microscopy (OIM) images of the specimens before
and after the hot compression were characterized by
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a field-emission (FE) SEM system (TESCAN
MIRA3) equipped with the Oxford EBSD system
(AZtec Nordlys Max3) and the EDS (AZtec
X-MaxN80) system. Post-mortem on all the
deformed specimens was conducted through the
FE-SEM system Sirion 200. The SEM specimens
were polished up to 0.05 pm with silica suspension,
and the EBSD specimens were prepared by
mechanical polishing followed by tri-ion beam
cutting.

3 Results and discussion

3.1 Initial microstructure

Figure 1 shows the initial microstructure
observed on the longitudinal section in the
as-received material; Figures 1(a) and (b) show the
microstructures characterized by SEM with
different magnifications, Fig. 1(c) shows the EBSD
map colored with the inverse pole figure, and
Fig. 1(d) shows the EDS map of the titanium (Ti)
element. As shown in Fig. 1(a), the reinforcing
particles exhibit an inhomogeneous and banded
distribution, which is mainly due to the particles
clustering originated from the solidification
process [24] and extrusion deformation that makes
the clusters dispersed. Figure 1(b) shows that the
TiB, particles agglomerated at grain boundaries

(GBs) are equiaxed and ultrafine with average size
about 500 nm. Our previous study [25] verified that
the particles inside grains distribute more uniformly
and have size from 100 to 500 nm. The EBSD map
shown in Fig. 1(c) demonstrates that the extruded
composite exhibits a strong extrusion texture, i.e.,
most grains are aligned with either the (001) or the
(111) crystal axis parallel to the ED. Moreover,
grains are significantly elongated along the ED, and
small and dispersed TiB, particles distribute along
the grain bands, as shown in Fig. 1(c), where high
angle GBs (with misorientation angle 6>15°) are
depicted with black lines and low angle GBs (with
2°<f<15°) with lime green lines. The TiB, particle
bands along the elongated GBs were further
confirmed by the EDS map shown in Fig. 1(d).

3.2 Flow stress

The true stress—true strain curves of the
composite deformed at temperatures from 300 to
450 °C and strain rates from 0.001 to 1s ' are
shown in Fig. 2. The composite flow behavior, as
anticipated, is significantly sensitive to both
temperature and strain rate. For all the deformation
conditions, the flow stress is characterized by an
initial rapid increase to the peak value and a
subsequent decrease to the stable stress. The rapid
increase of the flow stress is due to the dislocations

EDS map of titanium (Ti) element distribution (d)
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pinning by the nanoparticles; while the stress
saturation is due to the balance between work
hardening and dynamic recovery and DRX [26].
Figure 3(a) presents the variation of the peak
stress with respect to strain rate and temperature.
The peak stress is quite sensitive to both strain rate
and temperature. The maximal peak stress is about
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140 MPa in the case of 7=300 °C and ¢=1s', and
the minimum peak stress is less than 12 MPa in the
case of 7=450 °C and £=0.001 s '. Figure 3(b)
presents the variation of the strain rate sensitivity m
with respect to strain rate wunder different
temperatures, and it is shown that m increases with
the increase of temperature. At the deformation
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Fig. 2 Hot compression stress—strain curves of in-situ TiB,/7075Al composite in temperature range of 300—450 °C and
strain rate range of 0.001—1 s": (a) 300 °C; (b) 350 °C; (c) 400 °C; (d) 450 °C
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temperature of 450 °C, m has the maximum value
of 0.25.

3.3 Constitutive analysis

Establishing the constitutive model related to
the strain rate and temperature of the material
plastic flow is an essential way to understand the
hot deformation behavior of metals and alloys.
ZENER and HOLLOMON proposed a temperature-
compensated strain rate factor, i.e., the Z parameter,
to describe the influence of deformation
temperature and strain rate on the flow stress of
materials, which is written as

Zzéexp( 0 j (1)

RT
where & is the strain rate (s*'), R is the gas
constant (8.3145 J/(mol-K)), QO is the activation
energy of hot deformation (J/mol), and T is the
temperature (K). The relationship between Z
parameter and flow stress under hot deformation
is popularly formulated as the Arrhenius-type
equation:
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Z=£exp [gj = A[sinh(ao)]", for all & )
RT
and can be simplified as
ZzéexptgjzAO'”‘ , 00<0.8 3)
RT
Zzéexp[R—QszAexp(ﬂO') , ao<l.2 4

where ¢ is the flow stress (MPa), 4 is the material
factor, a(=p/n;) is the stress multiplier (mm*/N), and
n; and n are material constants at a given strain.

The material parameters used in Eq. (2) can be
determined at a given strain, and be regressed as a
function of strain. For example, when the strain is
0.4, Fig. 4(a) shows the relationships between In o
and In ¢ at different temperatures; the parameter 7,
obtained from the average slope of these lines, is
~5.74. Figure 4(b) shows the relationships between
oand Ing at different temperatures; the parameter
f, obtained from the average slope of these lines, is
0.104. Then, o is 0.018. The activation energy Q
at a given strain rate can be obtained by taking the
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Fig. 4 Relationships between strain rate and flow stress at true strain of 0.4 for in-situ TiB,/7075Al composite:
(a) né-Ino ; (b) Iné—o; (¢) Iné —In[sinh(ao)]; (d) In[sinh(ac)]-1000/T
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logarithm of both sides of Eq. (2), which yields

d{In[sinh(ao)]} _Ruk

d(1000/7) )

O=Rn
where n and k are respectively the slopes of the
In £ —In[sinh(ao)] and In[sinh(ao)]—1000/T plots, as
shown in Figs. 4(c) and (d), respectively. The mean
values of # and k& are calculated to be 4.10 and 4.11,
respectively. The activation energy Q is found to be
139.97 kJ/mol, which is similar to that for the
lattice self-diffusion activation energy of aluminum

(144 kJ/mol).

Using the procedures introduced above, the
four parameters o, n, Q and In 4 are evaluated for
strain values of 0.1-0.6 in steps of 0.05, and
regressed as the function of strain, as shown in
Fig. 5, where the correlation coefficient is >98%.
Therefore, by considering temperature, strain and
strain rate conditions, the flow stress of the in-situ
TiB,/7075A1 composite during hot deformation can
be predicted by the following constitutive equation:
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3.4 Fractographs and microstructure evolution
In the hot deformation of PR-AIMCs, the flow
behavior was mainly governed by two processes,
i.e., the transfer of stress from the ductile matrix
to the hard particles and the microstructure
evolution including recrystallization and damage
evolution [27]. Because of different deformation
behaviors of the particles and the matrix, the plastic
deformation of the composite is intrinsically
inhomogeneous, and dislocations are significantly
hindered by the particles, which results in the stress
concentration. Figure 6 shows the SEM images of
the deformed specimens under conditions of 300 °C,
1s'; 300°C, 0.1s'; and 350°C, 0.01s"'. As
shown in Figs. 6(a) and (c), plenty of particle cracks
can be found under conditions of 7=300 °C,
é=1s"' and T=300°C, é=0.1 s, respectively.
Severe interface debonding and crack propagation
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Fig. 5 Fitting curves of material constants with true strain (¢): (a) ; (b) ; (¢) Q; (d) In 4
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Fig. 6 SEM images with different magnifications for in-situ TiB,/7075Al composite after hot deformation under
different conditions: (a, b) 300 °C, 1 s™"; (¢, d) 300 °C, 0.1 st (e, ©) 350 °C, 0.01 5"

can be found in Figs. 6(b) and (d), respectively,
which indicates that these two conditions are not
suitable for the hot forming of this composite. From
Figs. 6(a) to (d), one can see that larger irregular
particles are more inclined to fracture than smaller
equiaxial particles. Similar phenomenon was also
reported by YAN et al [28] and ROMANOVA
et al [29] for PR-AIMCs. Under deformation
conditions of 7=350 °C and £=0.01 s, as shown
in Figs. 6(e) and (f), only a few voids are observed.
As the temperature increases, both particle crack
and interface debonding are not observed. This is
attributed to the decreased strength of the matrix at
high temperature and the subsequent lowered stress
at the particle/matrix interfaces, which decreases
the possibility of particle crack or interface
debonding [15].

Figure 7 shows the SEM images of the
deformed specimens under conditions of 7=400 °C
and 450 °C with 0.001 and 0.1 s™'. Voids can be
clearly seen in all the specimens while particle
crack is scarcely observed. With the increase of

temperature or the decrease of strain rate, the matrix
becomes softer and easier to accommodate the
particles. This is because at high temperature
dislocations have more opportunity to bypass the
impenetrable obstacles by the thermally activated
mechanism or even by a climbing mechanism.
Thus, the heterogeneous deformation resulted from
the existence of particles can be relieved, so that the
local concentrated stress is not high enough to
break up the particles. However, the deformability
difference between the particles and the matrix is
still significant even at high temperatures. As a
result, the heterogeneous deformation is released by
means of void nucleation and growth instead of
particle crack.

In order to study the microstructure evolution
of the in-situ TiB,/7075Al composite after hot
deformation, EBSD characterization was performed
on the deformed specimens. Figure 8 shows the
EBSD maps and corresponding grain size
distribution of the composite after the hot
deformation under different testing conditions
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(300 °C, 0.001 s'; 450 °C, 1 s7'; 450 °C, 0.001 s7").
The microstructure and grain size distribution
of the composite deformed at 300 °C, 0.001 s are
shown in Figs.8(a) and (d). Plenty of fine
DRX grains and some inherited coarse grains can
be seen in Fig. 8(a), which implies the occurrence
of partial DRX. The coarse grains have the size
similar to those of the as-received composite
(22—43 pm), and the size of the fine grains is in the
range of 0.5—10 pm. For this hot deformation

Han WANG, et al/Trans. Nonferrous Met. Soc. China 31(2021) 1235-1248

condition, the DRX fraction is about 35% according
to the area fraction of the fine grains. The
microstructure and grain size distribution of the
composite deformed at 450 °C and 15~ are shown
in Figs. 8(b) and (e), respectively, which also
exhibit the typical partial DRX phenomenon similar
to the condition above. The size of the coarse grains
is 15-35um, the size of the fine grains is
0.5-10 pm, and the DRX fraction is computed to
be about 60%. As shown in Figs. 8(c) and (f), the

Fig. 7 SEM images of in-situ TiB,/7075Al composite after hot deformation under different testing conditions:
(a) 400 °C, 0.1 s™'; (b) 400 °C, 0.001 s '; (c) 450 °C, 0.1 s '; (d) 450 °C, 0.001 s
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Fig. 8 EBSD maps showing microstructures of in-situ TiB,/7075A1 composite after hot deformation (a—c) and
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specimen deformed 450 °C and 0.001 s™' shows a
homogeneous microstructure with a uniform and
fine grain size distribution. Besides, the DRX
fraction is about 85% and the DRX grains have an
average aspect ratio about 0.8 and average size
about 2.5 pm, which is much smaller than the grain
size of the as-received composite.

Compared with the 7075Al alloy (sizes of
15-20 pum [30,31]) or the ex-situ 7075Al matrix
composite (about 50 um [32]) after the similar hot
compression deformation treatment, the studied
in-situ TiB,/7075Al composite has finer grain size.
This is mainly attributed to the ultrafine in-situ
particles in the composite, which are able to
effectively pin the mobile dislocations, promote the
DRX nucleation, and inhibit the grain growth by
pinning the migration of GBs, thus resulting in the
uniform and fine DRX grain structure [33—35].
Figure 9 shows the schematic diagrams of
interactions of the dislocation—particles and the
GB—particles. During the deformation, the in-situ
particles, in comparison with the traditional ex-situ
particles, can effectively relieve the stress rising
caused by dislocation accumulation at the interfaces.
The local stress shared by each particle is more

L\ .
S In situ particle . . R
] +p A \/\ - .

compatible, and the particle thus has a better
tolerance to fracture. By contrast, the particles in
the ex-situ composite are more prone to fracture for
their large size and irregular shape that result
in the stress concentration. As shown in Figs. 9(c)
and (d), under the condition of high temperature
deformation, the uniform distribution of in-situ
particles leads to more nucleation points of DRX.
During grain growth, GB is easily hindered by
in-situ particles. Therefore, the recrystallization
grain size of in-situ TiB,/7075Al composite is
smaller than that of ex-situ composite.

3.5 Processing maps

According to the previous SEM and EBSD
analysis on the fracture mechanisms and
microstructure evolution of the composite, herein
processing maps (PMs) were further employed to
quantify the formability and the failure of the
composite under different deformation conditions.
PMs can be used to evaluate the material
formability as a function of process parameters such
as temperature, strain rate, and strain levels [36,37].
The stability zone prescribes the process condition
suitable for hot forming and the instability zone

— Dislocation

% Y

Ex-situ partlcle

Fig. 9 Schematic dlagrams showmg interactions of dislocation—particles and GB—particles: (a) Dislocations pinned by

in-situ particles; (b) Dislocations pinned by ex-situ particles; (c) GBs pinned by in-situ particles; (d) GBs pinned by

ex-situ particles
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prescribes process condition unsuitable for hot
forming. In particular, the PM based on the
dynamic material model (DMM) proposed by
PRASAD [38] is widely used; it considers the
work-piece as a power dissipator during the
deformation. MURTY and RAO [39] modified the
DMM and proposed a stricter description of power
dissipation by considering microstructure evolution,
namely, the MDMM. For describing the flow
instability, there are two types of instability criteria:
one is derived from Ziegler’s plastic flow theory,
including the Prasad’s instability criterion and the
Murty’s criterion, and the other is derived from the
Lyapunov’s functions, including the Gegel’s
instability criterion and the Malas’s criterion. In this
study, three widely used instability criteria, i.e.,
the Prasad’s, Murty’s, and Gegel’s criteria,
were considered to construct the PMs of the
composite [40].

Figures 10(a) and (b) show the power
dissipation maps (PDMs) of the in-situ TiB,/7075Al
composite in the entire temperature and strain rate
ranges considered. The values on the contour lines
represent the specific power dissipation efficiency
(PDE, 7#), and the regions with peak # values
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indicate the optimal process conditions (a high PDE
value is usually associated with dynamic recovery,
DRX, and superplasticity) [41]. Both PDMs
obtained from the DMM and MDMM have two
domains with peak efficiencies. The first domain is
in the temperature range of 300—350 °C and the
strain rate range of 0.005-0.05s ', and the peak
efficiency is 28% when 7=330 °C and £=0.01 s~
The second one is in the temperature range of
425-450 °C and the strain rate range of 0.001—
0.02s', and the peak efficiency is 46% when
T=450 °C and £=0.001 s'. As a result, the second
domain with the higher peak efficiency is more
suitable for hot working under the test conditions,
especially in the temperature range of 425—450 °C
and the strain rate range of 0.001-0.01s"'

Figures 10(c) and (d) show the strain rate sensitivity
(m) map and temperature sensitivity (s) map,
respectively. The region with the highest m and the
highest s correspond to the region of maximum
ductility. A higher m indicates a smaller possibility
of damage, and a larger s represents more sufficient
dynamic softening and better formability [42]. As
shown in Fig. 10(c), there are two domains with
peak value of m, which is similar to the PDMs. As
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Fig. 10 PDMs (#) based on DMM (a) and MDMM (b), strain rate sensitivity (m) map (c), and temperature sensitivity (s)
map (d) of in-situ TiB,/7075Al composite at true strain of 0.4
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shown in Fig. 10(d), the map of s exhibits two main
peak domains at a low strain rate. The first domain
is located in the temperature range of 300—325 °C
and the strain rate range of 0.001-0.01 s', and the
second domain is located in the temperature range
of 425-450°C and the strain rate range of
0.001-0.01 s™'. This phenomenon indicates that
these two domains at low strain rates are in more
favor of hot deformation. The temperature in the
domains with peak efficiencies of the in-situ
TiB,/7075A1 composite is similar to that of 7075A1
(400—460 °C), but the strain rate is lower than that
of 7075A1 (for 7075Al, it is 0.1-0.01 s ") [31]. This
is due to the pinning effect of the particles on the
dislocation, and enough dislocation density can be
accumulated to produce dynamic recovery and
DRX at lower strain rates.

Figures 11(a—c) show the PMs with different
instability criteria at a true strain of 0.4, and the red
shaded domains represent the instability regions.
The instability region obtained by the Prasad’s
criterion dominates in the temperature range of
300—400 °C and the strain rate range of 0.03—1 s,
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and the region obtained by the Murty’s criterion
dominates in the temperature range of 300—-375 °C
and the strain rate range of 0.3—1 s~'. Although both
the Prasad’s and Murty’s instability regions locate
at low temperatures and high strain rates, the first
one is obviously larger than the second one.
Notably, as shown in Fig. 11(c), the flow instability
region obtained by the Gegel’s criterion is
significantly different from the former two. The
Gegel’s instability map exhibits two main flow
instability regions at low temperatures, one at high
strain rate and the other at low strain rate. The
region at low temperatures and low strain rates
(325-375 °C and 0.003—0.03 s™') shows a relatively
high PDE, which is also within the Gegel’s
instability region.

Combining the microscopic observations in
Section 3.4 and the predicted instability regions
above, it is concluded that both the Murty’s and the
Gegel’s criteria predict smaller instability regions
than the actual one. By contrast, the Prasad’s
criterion is more appropriate for the composite
deformed under conditions of low temperature and
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Fig. 11 PMs based on three different instability criteria and microstructure evolution mechanism schematic diagram of
in-situ TiB,/7075A1 composite at true strain of 0.4: (a) DMM and Prasad’s instability criterion; (b) MDMM and Murty’s
instability criterion; (c¢) DMM and Gegel’s instability criterion; (d) Schematic diagram for microstructure evolution

mechanism of composite under different testing conditions
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low strain rate. For the deformation conditions of
7=350°C and £=0.01 s', which are within the
Gegel’s flow instability region, no micro-crack is
observed in the deformed specimen, as shown
in Figs. 6(¢) and (f). Hence, the instability
domains predicted by the Gegel’s criterion are not
reasonable.

As stated previously, the composite failed
mainly by two modes, i.e., particle crack
and interface debonding. Synthesizing these
microscopic observations and the PMs above,
the microstructure evolution mechanisms of the
TiB,/7075A1 composite under different testing
conditions are schematically illustrated in
Fig. 11(d). The instability domain is located in the
conditions of low temperatures and high strain rates,
and the PDE in this domain is less than 28%. In the
stability regions, the SEM image of the deformed
composite shows very few voids. In the middle
region of the PM, the PDE is 28%—38%, which is
higher than the typical value of dynamic recovery
(15%—25%), but lower than that of DRX
(35%—50%). This indicates that the mechanism of
microstructure  evolution in this domain is
controlled by both partial DRX and dynamic
recovery. Under the conditions of high temperature
and low strain rate, full DRX renders a uniform and
fine grain size. Generally, the DRX domain is
suggested for hot deformation of the studied
composite because it not only provides high PDE
(more than 38%), stable flow, and good formability,
but also renders desired microstructures.

4 Conclusions

(1) Under deformation conditions of low
temperatures (300—375 °C) and high strain rates
(0.03-1 s™"), the main damage mechanisms of the
in-situ TiB,/7075Al composite are particle crack
and interface debonding. At high temperatures and
low strain rates, the heterogeneous deformation is
released by means of void nucleation and growth
instead of particle crack.

(2) Full DRX occurs at high temperature
(450°C) and low strain rate (0.001s™"), which
refines the grains and further improves the hot
formability of the in-situ TiB,/7075Al composite.
The grain size of the in-situ TiB,/7075Al composite
is obviously smaller than that of the 7075Al alloy
and the ex-situ 7075Al matrix composite. This is

attributed to the promotion of nucleation and
inhibition of grain growth by the fine in-situ
particles with uniform dispersion.

(3) Both the PMs based on DMM and MDMM
are reliable to predict the stability domain. The
Prasad’s instability criterion can be used to predict
an accurate instability region, and the Murty’s
prediction is smaller than the actual one.

(4) The optimum domain for the hot
deformation of the in-situ TiB,/7075AI composite is
at the temperature of 425—450 °C and strain rate of
0.001-0.01 s™'. The instability domain is at the
temperature of 300-375°C and strain rate of
0.03-1s".
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