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This paper presents the results of the study of the dynamic impact behaviour of the AA2124-SiC Metal Matrix
Composite (MMC) material with different particle reinforcement sizes and qualities using a compressive Split-
Hopkinson Pressure Bar (SHPB) apparatus. Mechanical tests were performed at strain rates 1000 s~ !, 2000
s_l, and 3000 s~ ! and at temperatures of room temperature (25 °C), 100 °C and 200 °C. Microstructural analyses
were carried out on the samples pre and post-compression experiments to study the fracture characteristics and
mechanisms of the MMC materials. The flow stress-strain, strain rate, temperature effects and deformation
mechanism were investigated. The backscattered electron images show that a higher strain rate of deformation
induces the formation of denser and smaller grain size of CuAly precipitates, especially in composites with
smaller SiC particle sizes. Temperature has posed a minor effect on the microstructural change. Heating the
samples close to a solution treatment temperature, and then followed by an air quenching has resulted in a fine
dispersion of CuAl; precipitates, as well as a high saturation for the materials with a higher volumetric fraction of
SiC reinforcement. The SHPB compression results reveal that the 225XF material has developed the highest stress
among all materials. For materials with a higher volumetric fraction of SiC reinforcement (225XE and 225XF),
cracks and failures have appeared in the samples during high strain rate and high-temperature compression
experiments, which is believed to be caused by the increased brittleness of the material as a result of intensified
oxide phases.

1. Introduction typically affordable at the lowest cost for production. The reinforcement

particle size is normally between 2 pm and 100 pm with a volumetric

Aluminium alloys exhibit excellent features such as lightweight, high
thermal conductivity, and high corrosion resistance, presenting an
increasing demand in the automotive and aerospace industries [1].
Dispersion of ceramic particles in a metallic matrix leads to significant
improvements in stiffness and thermal resistance with a reduction in
thermal conductivity. These classes of composite materials are referred
to as particulate metal matrix composites (MMC).

An important factor that affects the mechanical properties of the
MMC material is the morphology of the reinforcement. Three major
classes of morphology are normally available: continuous fibre, chopped
fibre or whisker, and particulate. Compared to the continuous or the
whisker morphologies, the discontinuous reinforced aluminium is the
most commonly used material in MMC material families, which provides
a comparatively more moderate but isotropic increase in properties and
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quantity of 1%-60% [2].

In terms of fabrication, stir casting, squeeze casting, compo-casting,
infiltration, spray deposition, direct melt oxidation process and powder
metallurgy are widely used for the aluminium metal matrix composites
[3].

In this research, aerospace-grade aluminium alloy (AA2124) is
investigated as the homogenous metal matrix, due to its formability,
lightweight, good corrosion resistance [4] and relatively low cost
compared to other lighter metals such as magnesium and titanium. From
the matrix reinforcement perspective, materials used are typically
ceramic as they provide a desirable combination of stiffness, strength,
and relatively low density. The common candidate reinforcement ma-
terials include silicon carbide (SiC), aluminium oxide (Al;O3), boron
carbide (B4C), titanium carbide (TiC), titanium diboride (TiB5), graphite

Received 10 June 2022; Received in revised form 2 September 2022; Accepted 12 September 2022

Available online 17 September 2022

0921-5093/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:s.ayvar@amrc.co.uk
www.sciencedirect.com/science/journal/09215093
https://www.elsevier.com/locate/msea
https://doi.org/10.1016/j.msea.2022.144014
https://doi.org/10.1016/j.msea.2022.144014

X. Lietal

and a number of other ceramics [3,5-8].

Prior research indicates that the imposed deformation strain rates
affect the mechanical properties and performance of the MMC materials.
Many studies explore the mechanical properties of MMC at low strain
rates using a conventional quasi-static method with a standard tensile
machine [9,10]. However, the deformation of the material can is
significantly altered when compressed at higher strain rates. For
example, the inherent strain rate in ballistic impact experiments is of
order 10* 571, and thus, is 6-7 orders of magnitude larger than typical
values of 10 2 s 1 to 1073 s~ ! used in quasi-static tension tests [11]; in
conventional metal cutting process, strain rate can easily reach to 10°
s71 [12], and during high impact machining processes, such as in ul-
trasonically assisted machining, the strain rate can exceed 10°s™! to 107
s~ [13-15]. Therefore, it highlights the importance to investigate the
fracture and failure mechanism of the MMC materials at high strain rates
and study the variation of the thermal effect.

Prior studies show that strain rates above 10% s on the AA-SiC MMC
materials have been successfully achieved [16], using a dynamic impact
test apparatus called Split Hopkinson Pressure Bar, also known as a
“Kolsky bar” [17]. It has been reported that the MMC material with the
base aluminium 6061-T6 metal matrix presents an increased strength,
but essentially the same strain hardening was observed. However, the
rate sensitivity appears stronger than the unreinforced monolithic alloy
at high strain rates [16,18]. Observation shows that as the increase in
the volume fraction of the SiC particulate reinforcement, both yield
strength and tensile strength increase but elongation decreases [19],
which is due to a high volume fraction reinforced composites exhibiting
high microstructural homogeneity and high hardness compared to low
volume fraction reinforced composites [20]. The distribution and
asperity of the hard SiC reinforcement in the soft metal matrix to
external loading can also significantly affect the strength of the MMC
materials [21]. Although the enhancements in yield strength can be
attributed to the fine grain size of the metal matrix, there are also
consistent reports demonstrating that the plastic response of the mate-
rial is simultaneously degraded [4].

The above studies are primarily focused on the investigation of the
effect on the mechanical properties of the MMC materials with a varying
volumetric fraction of SiC reinforcement. However, the size of the SiC
particles effect is not explored extensively, especially for sub-micron size
SiC particulate embedded in the metal matrix. Additionally, the thermal
effect on the mechanical properties of the MMC materials also remains
unexplored in recent work, except in Ref. [22], which reports that flow
stress varies nonlinearly with increasing temperature.

With the rapid development of MMC materials and the increasing
demand from the industrial sectors, the mechanical properties of the
MMC materials need to be further investigated at both quasi-static and
high strain rate dynamic compression conditions. Hence, to bridge the
gap in the literature for a comprehensive investigation of the fracture
characteristics and mechanism of the AA-SiC Metal Matrix Composite
materials, the research should include the study of the effects of different
volumetric fractions of the reinforcement particulate elements, particle
size, morphology, shape and temperature.

This research is focused on the study of the AA2124-SiC materials
dynamic mechanical properties at different strain rates and tempera-
tures, based on a number of samples with a different volumetric fraction
of reinforcement particles, a range of different sizes and initial under-
lying microstructures. Flow stress-strain curves were recorded, and
samples pre and post compression experiments were prepared for me-
chanical and microstructural analysis.

2. Experimental procedures
2.1. Materials

The materials used in this research, durable, lightweight
SUPREMEX® metal matrix composites, are produced by Materion

Materials Science & Engineering A 856 (2022) 144014

Aerospace Metal Composites, UK. To manufacture the MMCs, an ultra-
fine, homogeneously dispersed carbide reinforcement is combined with
a high-quality aluminium alloy (AA2124) with a volumetric fraction of
micron-sized SiC reinforcement, which is manufactured via a powder
metallurgy route. Powder metallurgy is operated in the solid-state to
minimize the chemical reaction between the metal matrix and the
reinforcement SiC [23]. This method uses a high energy mixing process
to pre-mix metal powder with ceramic reinforcement to form a
composition prior to consolidation, ensuring a homogeneous distribu-
tion of the reinforcement and to refine the grain structure to enhance the
mechanical properties.

Based on the reinforcement SiC particle size and the volumetric
quantity, three types of AA2124-SiC MMC materials were available to
use in this research, namely 217XG, 225XE and 225XF. The material
properties of the MMC materials are provided by the supplier and are
shown in Table I [24-26]

The supplied MMCs billets were cut with a bandsaw and then were
wire electro discharge machined to produce a large quantity of cylin-
drical shape samples with a dimension @6 mm x 6 mm for high strain
rate compression experiments.

2.2. Microstructural analysis

Microstructural analysis was conducted on the MMC samples pre and
post compression tests at different strain rates and temperatures, using
Field Emission Gun Scanning Electron Microscopy (FEGSEM) facility
(JSM-F100, JEOL Ltd). To facilitate the analysis process, an additional
wire erosion process was performed to slice the cylindrical samples
along the central axis into two equal portions to provide an easy access
to the surface of the cross-section. Thereafter, the cut samples were
mounted on a thermally heated bakelite and followed by a polishing
process to remove roughly 1 pum thickness using a polishing pad and
fluid. During sample polishing, the applied force and rotational speed of
the machine (Tegramin-30) were set to 22 N and 150 rpm, respectively.
The secondary electron (SE) and backscattered electron (BSE) images
were collected for all samples followed by an energy dispersive X-ray
spectroscopy (EDS) analysis on the microstructure.

2.3. Dynamic impact test

The dynamic high strain rate impact experiments were performed for
all MMC samples using a Split-Hopkinson Pressure Bar (SHPB) appa-
ratus, which the detailed specifications in regard to the operation pro-
cedures can be found in Ref. [27]. The schematic representation of the
SHPB apparatus is presented in Fig. 1.

The system consists of a gas launcher that accommodates a striker
bar, an incident bar, a transmission bar, and a stopper mechanism,
which are all aligned horizontally and mounted on a flat metal base. The
bars are made from Maraging steel 350. The length of the incident bar
and transmission bar is around 1828.8 mm (6”) with a diameter of
19.05 mm (0.75"). The gas launcher, which is charged with pressurised

Table 1
MMC material properties.
217XG 225XE 225XF

Density p [kg/m>] 860 2880 2880
Young’s Modulus E [GPa] 98 115 115
Poisson’s Ratio v 0.3 0.3 0.3
Thermal Conductivity A [W/m°K] 150 150 150
Thermal Expansion a [ppm/°C] 17.0 16.1 16
Solidus Temperature [°C] 548 548 548
Specific Heat Capacity ¢ [J/g/°C] 0.848 0.848 0.848
Yield Strength Rp.2 [MPa] 480 400 570
Tensile Strength Ry, [MPa] 560 535 630
SiC size [pm] 0.3 3.0 0.7
SiC volume [%] 17 2525
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Fig. 1. Schematic representation of the SHPB system for high strain rate compression test.

gas accelerates a striker bar at an exit velocity measured with a speed
sensor, creating an impact incident. The impact of the striker bar on the
incident bar generates a stress pulse travelling within the incident bar at
the speed of sound in Maraging steel 350, which is commonly known as
“incident pulse”. The pulse (a longitudinal wave) continues travelling
within the incident bar to the sample, which is sandwiched concentri-
cally between the incident bar and the transmission bar, generating a
compression wave. Due to the impedance mismatch, part of the stress
wave is reflected in the incident bar, known as “reflected pulse”, and the
rest of the stress wave is transmitted into the transmission bar, known as
“transmitted pulse”. The propagation of the stress wave then continues
until the energy is fully dissipated.

Fig. 2 presents the SHPB experimental setup. To capture the pulse
signals, two strain gauges with a resistance of 350 Q (SGD-7/350-LY11,
Omega Engineering) were attached to the centre of the length of the
incident bar and transmission bar, respectively. The detected pulse
signals were then supplied to a power amplifier (Vishay 2310B, Vishay
Intertechnology), and the outputs were collected by an oscilloscope
(PicoScope 4224, Pico Technology) and displayed in a computer. Stress,
strain, and strain rate were then calculated from the captured signals
using SurePulse software package (REL Inc). For high temperature dy-
namic compression tests, an induction heating unit (EASYHEAT,
Ambrell Corporation) was used to heat up the samples before launching
the striker bar. To ensure an accurate temperature during the impact, a
K-type thermo-couple (KMQXL-IM300U-300), Omega Engineering) was
inserted into the core of the sample to measure the temperature response
against the heating up time and cooling time. The temperature signal
was captured using a data logger (TC-08, Pico Technology).

Momentum

trap mass

B Data acquisition

system

Fig. 2. SHPB experimental setup.

The target strain rates in experiments were set to 1000 ™1, 2000 s ™!
and 3000 s~%, noting that a higher strain rate has caused the samples to
shatter. The target temperatures on the samples were chosen to be room
temperature (25 °C), 100 °C, and 200 °C, leaving the operator sufficient
time to prepare for the impact incident (close the incident bar and the
transmission bar to put the sample in position, and then launch the
striker bar) once the sample was heated to a temperature close to the
melting temperature of the samples (see Table I), allowing the temper-
ature of the heated sample to cool (air quenching) to the target tem-
perature the moment when the striker bar was fired.

3. Results and discussion
3.1. Microstructural analysis

Secondary electron images of the raw samples of the three types of
the MMC materials (217XG, 225XE, and 225XF) are presented in Fig. 3.

Results show that 225XE material exhibits the largest particle size of
SiC reinforcement, creating the largest SiC-free area filled with Al matrix
with alloying elements. 217XG and 225XF materials present signifi-
cantly smaller grain sizes of SiC reinforcement. 217XG has the lowest
amount of SiC reinforcement, which is more sparsely embedded in the Al
metal matrix. Due to solid-state manufacturing process with a controlled
heat treatment, CuAl, precipitates are also dispersed sparsely in the
metal matrix.

Backscattered electron (BSE) images (Fig. 4) using a full composi-
tional mode were obtained for samples after the compression tests at two
different strain rates (1000 s~! and 3000 s’l) and two different tem-
peratures (25 °C and 200 °C). It should be noted that the BSE images
could not be collected for samples at a 3000 s~ ! strain rate and a 200 °C
temperature because of the crack/shatter samples (see Fig. 5), which
happened for all three materials.

In general, a higher strain rate has resulted in denser and smaller size
of CuAl, precipitates due to a larger deformation in the samples, espe-
cially for the materials with small particle sizes (217XG and 225XF).
This observation has been confirmed in Fig. 6 from the EDS analysis of
the CuAl; component. Moreover, the microstructures indicate that heat
generation during high strain rate deformation has posed a minor effect
on the microstructural change. The microstructures at 200 °C show a
fine dispersion of CuAl, precipitation, causing a high saturation of the
precipitation for 225XE and 225XF material. This can be observed more
clearly from the EDS analysis of CuAl, component in Fig. 7. However,
217XG shows a reduced amount of finely dispersed precipitation, sug-
gesting a lower amount of SiC particles has hindered alloying constitu-
ents to be transformed into solution.

Additionally, from the EDS analysis of the compressed samples in
Fig. 8, it can also be observed that oxide phases have intensified in the
thermally treated samples, forming brittle oxide phases. At the highest
strain rate (3000 s™1) with room temperature (25 °C), the oxide phases
have been enhanced, especially for the MMC samples with a higher
volumetric fraction of SiC reinforcement. For the 225XE material, with
the highest volumetric fraction of SiC and the largest SiC particle size,
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Fig. 3. Secondary electron (SE) images of raw samples (pre-compression) of 217XG, 225XE and 225XF materials.
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Fig. 5. MMC Samples pre and post a high strain rate (3000 s!) compression impact of original shape as an example, at 25 °C, 100 °C, and 200 °C temperature.

there is a line of oxidation observed, which could potentially be the samples due to crack propagation initiated from brittle oxide phases or
origin of the weak bonding area in the Al matrix and can cause samples SiC particle fracture (see Fig. 5).

to start to develop cracks. Indeed, a high strain rate (3000 s™!) and a Table II illustrates the change in weight in percentage for the ele-
temperature of 200 °C have resulted in fractures/cracks in the MMC ments of all material samples at selected strain rates and temperatures.
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Table 2
Weight in percentage [%] of elements of MMC materials from energy dispersive X-Ray spectroscopy (EDS) analysis.
217XG Carbon (C) Oxygen (0) Magnesium (Mg) Aluminium (Al) Silicon (Si) Manganese (Mn) Copper (Cu)
25 °C 1000s ! 9.39 1.64 0.98 71.00 13.87 0.38 2.74
25°C 3000s ! 9.47 1.69 1.00 70.24 14.01 0.44 3.15
200°C 1000s ™! 9.26 1.63 1.05 70.60 13.74 0.40 3.33
225XE Carbon (C) Oxygen (O) Magnesium (Mg) Aluminium (Al) Silicon (Si) Manganese (Mn) Copper (Cu)
25°C 1000s ! 11.29 1.43 1.12 61.13 21.13 0.37 3.53
25°C 3000s ! 11.77 1.30 0.67 61.64 21.42 0.37 2.83
200°C 1000s~! 11.03 1.31 0.82 63.81 19.92 0.33 2.78
225XF Carbon (C) Oxygen (0) Magnesium (Mg) Aluminium (Al) Silicon (Si) Manganese (Mn) Copper (Cu)
25 °C 1000s ! 11.72 1.45 0.70 63.18 20.41 0.24 2.29
25 °C 3000s ! 11.79 1.57 0.79 62.52 20.38 0.32 2.63
200°C 1000s~! 11.66 1.31 0.82 62.75 20.09 0.27 3.09

Observed from the EDS spectrum, 217XG presents the lowest amount
of Si and C and the highest composition of Al elements, compared to
225XE and 225XF, confirming the material properties in Table I. Both
217XG and 225XF, with finer particle sizes (0.3 pm and 0.7 pm), have
resulted in an increase in Cu at a higher strain rate and higher temper-
ature. 225XE material, with a coarser particle size (3.0 pm), has shown a
decrease in Cu. These observations are consistent with the observation
in Fig. 7.

Ideally, the weight of all elements should remain unchanged
throughout the experiments, despite the change in strain rate and
temperature.

3.2. Flow stress-strain characteristics

3.2.1. Striker bar velocity

Five different lengths striker bars were available in experiments,
namely 50.8 mm (2"), 76.2 mm (3"), 152.4 mm (6"), 228.6 mm (9”), and
304.8 mm (12"). The diameter of these striker bars is 19.05 mm (0.75”),

which is the same diameter as the incident bar and transmission bar, to
avoid uneven distribution of the impact stress in the bars.

Fig. 9 presents the velocity of different lengths of striker bars exiting
the gas chamber at different gas pressure levels, measured by a velocity
sensor.

Unsurprisingly, the velocity of the striker bar increases as the in-
crease in gas pressure. However, a longer striker bar has resulted in a
reduction in velocity at the same gas pressure, due to the larger mass.

In practice, a shorter striker bar imparts a shorter time duration of
impact with the incident bar, creating a pulse with sharper characteristic
and producing a higher strain rate. As a comparison, the output signal of
the strain gauge would exhibit a longer duration of pulse with a much
flatter response if a longer striker bar were used. Choosing a proper
length of striker bar for the impact experiment will depend on the target
strain rate in the sample. The strain rate is calculated as an average of
the integration of the pulsed curve of the stress wave signal as a function
of impact time.
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3.2.2. Dynamic compression test

In this section, the results of the dynamic compression test on the
217XG, 225XE and 225XF samples at different strain rates and tem-
peratures are presented and discussed.

Fig. 10 shows the dynamic compression stress-strain characteristics
for all MMC samples, tested at 1000 s’l, 2000 s~ ! and 3000 s~ strain
rates, and 25 °C, 100 °C and 200 °C temperatures.

In general, 225XF material sustains the highest stress, followed by
217XG and 225XE, regardless of the strain rates and temperatures. It has
been observed that generally, the flow stress grows with the increase in
the strain rate posed on all samples, demonstrating a strain rate hard-
ening effect. This work has demonstrated that the manufactured
AA2124-SiC MMC materials offer high strength and stiffness, refer to
Fig. 10. The dynamic behaviour of a specific type of MMC material is

Materials Science & Engineering A 856 (2022) 144014

insensitive to the change of temperature, except for the 200 °C tem-
perature at 2000 s~ and 3000 s~ strain rates for the 225XF material,
which show a noticeable thermal softening phenomenon. However, this
thermal softening response is partially attributed to the internal crack
initialisation of the sample due to the enhanced oxide phases at high
temperatures and high strain rates, as shown in Figs. 5 and 8,
respectively.

Elastic modulus values are estimated from the linear region of the
stress-strain curves in Fig. 10 and are presented in Table III.

In general, the values appear stochastic for the change in strain rates
and temperature for all MMC materials. At low strain rate (1000 s™1),
the elastic modulus exhibits small changes at different temperatures
except for 225XE at 25 °C, which demonstrated a drastic decline when
the sample was heated up. However, as the strain rate is increased to
2000 s~ 2, the elastic modulus value rises as the sample heats up, espe-
cially from 25 °C to 100 °C, suggesting the material hardens at a higher
strain rate and a higher temperature. This could be due to the intensified
oxide phases in the MMC samples as presented in Fig. 8, which has
resulted in an increased brittleness of the material and promoted the
mechanical strength. Finally, all materials show softening

Table 3
Elastic modulus (GPa) of MMC samples at different strain rates and temperatures
with standard deviation.

1000 s7! 217XG 225XE 225XF
25°C 342+ 1.5 163.7 £ 9.7 63.7 + 21
100°C 98.2 + 20.6 94.4 + 6.5 729+ 0.3
200°C 75247 54+ 4.7 67.3 £ 0.9
2000s~! 217XG 225XE 225XF
25°C 26 £3.9 38.7 £ 4.5 30.3 £ 4.4
100°C 122.5 + 35.2 271.5 +£17.8 98.3 + 42.8
200°C 78.1 +£13.3 58.4 +25.1 779 £11.8
3000 57! 217XG 225XE 225XF
25°C 25.5+0.1 21.6 + 2.3 40.7 +19.9
100°C 49.8 + 16.8 122.9 + 8.8 39.7 £ 10.5
200°C 40.8 £ 5.3 42.3 +£1.2 76.9 £ 2.2
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Fig. 10. True stress-strain characteristics of the 217XG, 225XE and 225XF samples tested at 1000 s7%, 2000 s !, 3000 s~! and at temperatures of 25 °C, 100 °C

and 200 °C.
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characteristics as the strain rate is increased to 3000 s 1.

In terms of deformation, at 1000 s~ ! strain rate, the unloading takes
place at around 15% of the true strain, and this value increases to 30%
for the 2000 s~ and 3000 s~ strain rates. However, exceptions are
present for 225XF at 2000 s~! and 3000 s~!, and 225XE at 3000 s~*
strain rates, with 10%-20% deformation are reported. This again, is
related to the intensified brittle oxide phases in the MMC material,
causing small cracks to initiate, therefore reduced the maximal
compression of the sample.

From Table IV, a significant increase in the mechanical strength is
observed as the particle size of the SiC reinforcement becomes smaller
(217XG 0.3 pm SiC size, 225XE 3.0 pm SiC size, and 225XF 0.7 pm SiC
size), suggesting finer SiC components can form a stronger.

Bonding within the Al matrix. The yield strength of the material is
considerably enhanced as the increase in the volumetric fraction of the
SiC reinforcement, for sub-micron particle size of SiC. A higher tem-
perature has produced a slightly higher yield strength in the MMC ma-
terial; however, the difference is small for 100 °C and 200 °C. Variation
in the mechanical strength is the highest for 225XF at 2000 s~ and 3000
s~ 1 strain rates, which again, is related to the crack propagation, making
the dynamic response of the material more inconsistent and
unrepeatable.

It should be emphasised that samples were heated up to their solidus
temperature of 500 °C and then were cooled down, which has resulted in
a change in microstructure, causing the samples to become harder when
the impact event took place. Also, 200 °C might not be a high enough
temperature to detect any thermal softening effect due to the high
thermal diffusivity and formation of fine CuAl, precipitation and oxi-
dised grains.

According to the values in Table IV, it is clear that a lower strain rate
(1000 s™1) has only caused small changes in yield strength, indicating
that the particles only start to interact intensely at higher strain rates
(2000 s~ ! and 3000 s’l). This means that thermal softening of the ma-
trix has become meaningless at high compressive strain (unless the
particles are also thermally softened).

It was also discovered from experiments that a shorter bar had to be
used to achieve the prescribed level of strain rate for a higher target
mechanical strength, which has reduced the total deformation of the
sample (2000 s~! and 3000 s™! strain rates in Fig. 10). Additionally,
225XE and 225XF material samples were fractured (see Fig. 5), as a
result of a higher volumetric fraction of the SiC reinforcement, pre-
senting a higher brittleness in the material because of the enhanced
oxide phases (Fig. 8). This explains the observation of the unloading
emerging at a much smaller deformation (<20%) for the 225XF sample
at a 3000 s~! strain rate.

4. Conclusion

A study of the dynamic impact behaviour and microstructure anal-
ysis of AA2124-SiC Metal Matrix Composite material with different SiC
particle sizes and volumetric fraction is presented, aimed to understand
the thermal softening and strain rate sensitivity effects and fracture
mechanisms of the MMC materials.

Microstructure analysis of the raw samples suggests that 225XE
shows the largest particle size of SiC reinforcement (nominal size 3.0 pm
and 25% in volume), leaving the greatest SiC-free zone which is filled
with AA2124 alloying elements. CuAl, precipitates are dispersed
sparsely within the metal matrix, because of solid-state manufacturing
and controlled heat treatment.

Backscattered electron images indicate that a higher strain rate
(3000 s71) has produced denser and smaller size of CuAl, precipitates
due to a higher deformation of the MMC samples, especially for the
materials with small particle sizes (217XG and 225XF). The images also
show that the microstructures at a temperature of 200 °C have a fine
dispersion of CuAl, precipitates, causing a high saturation of precipi-
tation in materials with a larger volumetric fraction of SiC (225XE).

Materials Science & Engineering A 856 (2022) 144014

Table 4
Yield strength (MPa) of MMC samples at different strain rates and temperatures
with standard deviation.

1000 s7! 217XG 225XE 225XF
25°C 543 +7.5 469 + 3 604 + 26
100°C 606 + 17.5 417 + 6 645 + 14.5
200°C 593 + 8.5 438 + 2 652 + 2.5
2000s~! 217XG 225XE 225XF
25°C 542 + 3 441 + 16 662 + 12.5
100°C 668 + 30.5 536 + 11 727 + 42
200°C 669 + 29 524 + 12 660 + 30
3000s! 217XG 225XE 225XF
25°C 569 + 1 429+ 5 620 + 40
100°C 642 + 58 583 + 1 727 + 29.5
200°C 635 + 15 515+ 9 646 + 52

Moreover, it was observed that oxide phases were intensified with
thermally treated samples, forming brittle oxide phases. The highest
strain rate (3000 s’l) with the highest temperature 200 °C combination
has generated fractures in 225XE and 225XF samples due to crack
propagation initiated from brittle oxide phases or SiC particle fracture.

Among all materials tested in the compression experiments, the
elastic modulus of the materials shows thermal hardening characteris-
tics, however, they appear insensitive to the increase in strain rate.
225XF has demonstrated the highest yield strength, and temperature has
posed a minor effect on the stress levels of the MMC samples.

To improve the mechanical strength and reduce the brittleness of the
MMC samples, a small particle size and a large volume of SiC rein-
forcement in the Al matrix are desired (225XF, for instance). Further-
more, the obtained flow stress of the MMC materials appears insensitive
to the change in temperature, increasing the feasibility of the materials
to be used in a high-temperature environment, such as in automotive
and aero engines, where traditional metal alloy materials suffer. How-
ever, the brittleness is significantly increased at a high strain rate (3000
s71) and 200 °C, especially for high volumetric fraction and large size
SiC particle MMC materials (225XE and 225XF), making the application
more challenging.
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