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at temperatures of 300–600 °C and strain rates of 0.1–4.0 s−1 
[6]. The deformation characteristics of the rapidly solidified 
dispersion-strengthened 8009Al alloy processed by planar flow 
casting were studied by tensile testing at the temperatures of 
25–420 °C and compression and hardness testing at 25 °C [7]. In 
addition, the tensile deformation behavior of the spray-depos-
ited 8009Al alloy was investigated by uniaxial tension testing 
at temperatures of 250–450 °C and strain rates of 0.001–0.1 s−1 
[4]. Furthermore, the high-temperature plastic deformation 
behavior of spray-deposited 8009Al alloy was examined by 
compression testing at strain rates of 2.77£10−4‒2.77£10−2 s−1 
and temperatures of 350‒550 °C [8]. Al-Fe-V-Si Al alloys were 
prepared by the method of electron beam melting, which exhib-
its grain microstructure and good mechanical properties [9]. 
SiCp/Al-Fe-V-Si produced by spray-deposited displays bet-
ter-elevated temperature mechanical properties, tensile fracture 
behavior, and thermal stability [10, 11].

The content of reinforcement can be accurately controlled 
in any proportion via powder metallurgy (PM), and the rein-
forcement particles can distribute uniformly in the matrix, 
leading to stable performance and high production efficiency 
in the prepared material. The authors [12, 13] previously 
investigated the characteristics and mechanisms of hot defor-
mation and particle-reinforced mechanism of 8009Al matrix 

1. INTRODUCTION
Al-matrix composites reinforced with hard ceramic particles 
are widely used in the aerospace aera, defense department, and 
automotive industries because of their excellent performance 
including high strength, high stiffness, good corrosion resis-
tance, light weight, and thermal stability [1‒3]. Among these, 
Al-Fe-V-Si alloys and composites reinforced with ceramic par-
ticles are very broadly utilised at evaluated temperatures due 
to large volumes of very fine dispersed Al12(Fe,V)3Si particles. 
Thus, they are expected to be good heat-resistant substitutes 
for Ti alloys at 300–400 °C [4, 5]. Nevertheless, reinforcement 
particles, such as SiC, TiC, and Al2O3, and/or high-volume 
fractions of very fine Al12(Fe,V)3Si induce poor formability 
and hot workability of Al-Fe-V-Si alloys and composites, thus 
their usage is limited.

Most studies on deformation characteristics have focused on 
Al-Fe-V-Si alloys. The hot-working characteristics of rapidly 
solidified Al-8.5Fe-l.3V-l.7Si (8009) and Al-12.4Fe-l.2V-2.3Si 
(FVS1212) were investigated by isothermal hot torsion testing 
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Abstract. Tensile tests of 8009Al alloy reinforced with SiC and Al2O3 particles fabricated by powder metallurgy (PM) were conducted at 
temperatures of 250–350°C and strain rates of 0.001–0.1 s−1. The ultimate tensile strength and yield strength of the samples decreased while 
the temperature and strain rate increased. The elongation slightly decreased at first and then increased with growing temperature because of the 
medium-temperature brittleness of the alloy matrix. When the strain rate was 0.1 s−1, the elongation of the 8009Al/Al2O3 composites always 
decreased with an increase in temperature because of the poorly coordinated deformation and weak bonding between the matrix and Al2O3 
particles at such a high strain rate. The work-hardening rates of the composites sharply increased to maxima and then decreased rapidly as the 
strain increased. Meanwhile, the 8009Al/SiCp composites displayed superior UTS, YS, elongation, and work-hardening rates than those of the 
8009Al/Al2O3 composites under the same conditions. Compared to 8009Al alloys reinforced with spherical Al2O3 particle, 8009Al alloys rein-
forced with irregular SiC particles exhibited a better strengthening effect. The fracture mechanism of the 8009Al/SiCp composites was mainly 
ductile, while that of the 8009Al/Al2O3 composites was primarily debonding at the matrix–particle interfaces in a brittle mode.

Key words: aluminum matrix composite; 8009Al alloy; elevated-temperature tensile property; interface; fracture behavior.

Elevated-temperature tensile deformation  
and fracture behavior of particle-reinforced  

PM 8009Al matrix composite
Shuang CHEN1, Guoqiang CHEN1*, Pingping GAO1, 3, Chunxuan LIU3, Anru WU1, Lijun DONG1,  

Zhonghua HUANG1, Chun OUYANG1, 2, 5**, and Hui ZHANG4

1 Hunan Provincial Key Laboratory of Vehicle Power and Transmission System, Hunan Institute of Engineering, Xiangtan 411104, China
2 School of Material Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang Jiangsu 21200, China 

3 Hunan Gold Sky Aluminum Industry High-tech Co., Ltd., Changsha 410205, China
4 College of Materials Science and Engineering, Hunan University, Changsha 410082, China

5 CETC Maritime Electronics Research Institute Co., Ltd., Ningbo Zhejiang 315000, China

mailto:chengq1979@163.com
mailto:oyc1014@just.edu.cn
http://creativecommons.org/licenses/by/4.0/


2

S. Chen, G. Chen, P. Gao, C. Liu, A. Wu, L. Dong, Z. Huang, C. Ouyang, and H. Zhang

Bull. Pol. Acad. Sci. Tech. Sci. 69(5) 2021, e138846

Fig. 1. Microstructure of as-rolled 8009Al matrix composites; (a) OM image of as-rolled 8009Al/SiCp composites; (b) OM image of as-rolled 
8009Al/Al2O3 composites and (c) XRD pattern

composite 8009Al/SiCp and 8009Al/Al2O3 at temperatures of 
400–550 °C and strain rates of 0.001–1 s–1 by hot compres-
sion testing. However, few studies on the tensile and fracture 
behaviors of PM-processed ceramic particle-reinforced Al-Fe-
V-Si alloy matrix composites have been reported. In the present 
work, uniaxial tension tests were performed on 8009Al/SiCp 
and 8009Al/Al2O3 composites at temperatures of 250‒350 °C 
and strain rates of 0.001–0.1 s−1. The elevated-temperature 
tensile deformation of 8009Al/SiCp and 8009Al/Al2O3 com-
posites was investigated. Similarly, the effects of the tensile 
temperature and strain rate on the strength, elongation, and 
work-hardening rate were described. In addition, the fracture 
mechanisms of 8009Al/SiCp and 8009Al/Al2O3 composites 
were investigated at different temperatures and strain rates. The 
present work is significant for understanding the hot tensile and 
fracture behaviors of PM-processed ceramic particle-reinforced 
Al matrix composites.

2.	 MATERIAL AND METHODS
The 8009Al alloy matrix samples with a chemical composition 
of 8.42 wt.% Fe, 1.29 wt.% V, 1.93 wt.% Si, and the balance of 
Al were prepared by rapid solidification. Irregular SiC particles 
and spherical Al2O3 particles with the same volume fraction 
of 15% were used separately as reinforcements; their average 
diameters were approximately 10 μm and 5 μm, respectively. 
First, the composites were fabricated by PM and extrusion. The 
homogeneous mixed reinforcements (SiC or Al2O3) and 8009Al 
alloy matrix powders after canning, vacuum degassing, and den-
sification were extruded into 53-mm diameter bars by using an 
1800 T extrusion machine when the temperature is 460 °C and 
the extrusion speed is 0.5 mm/s. The bars were then machined 
into 20-mm thick plates by linear cutting along the extrusion 
direction. After that, the plates were heated at 500 °C for 2 h 
and subsequently hot-rolled into the final 1.4-mm-thick sheets 
along the extrusion direction with approximately 10% thick-
ness reduction in every pass. The densities of 8009Al/ SiCp and 
8009Al/Al2O3 composites were 2.822 g/cm3 and 2.876 g/ cm3, 
respectively.

The tension specimens with a gauge length of 10 mm, a width 
of 3 mm, and a thickness of 1.40 mm were cut parallel to the 
rolling direction. The tension tests were conducted using a com-

puter-controlled Instron-3382 machine at temperatures from 
250 °C to 350 °C and strain rates from 0.001 s−1 to 0.1 s−1, 
respectively. The samples were heated to the predetermined 
tensile testing temperatures at a heating rate of 5 °C/s and held 
at these temperatures for 10 min to ensure temperature homoge-
neity throughout each sample before tensile testing. The phase 
constituents and microstructures of rolled sheets were charac-
terized by X-ray diffraction (XRD) patterns with a Siemens 
D5000 diffractometer system and optical microscopy (OM; 
MM-6). Fracture surfaces were examined by scanning electron 
microscopy (SEM; FEI QUANTA 200).

3.	 RESULTS AND DISCUSSION
3.1.	Microstructures	of	the	as-rolled	sheets
Figure 1 shows the microstructures and X-ray diffraction 
(XRD) patterns of the as-rolled 8009Al/SiCp and 8009Al/ Al2O3 
composite sheets. The optical microscopy (OM) image in 
Fig. 1a indicates that the irregularly shaped SiC particles with 
an average diameter of 10 μm are uniformly distributed in the 
8009Al alloy matrix. The spherical Al2O3 particles have diam-
eters of 1–50 μm, with an average size of about 5 μm, and are 
homogeneously distributed in the 8009Al alloy matrix (Fig. 1b). 
The XRD pattern in Fig. 1c reveals that the 8009Al/ SiCp 
composites contain α-Al, β-SiC, and Al12(Fe,V)3Si phases 
and the 8009Al/ Al2O3 composites consist of α-Al, Al2O3, and 
Al12(Fe,V)3Si phases.

3.2.	Tensile	behavior
Figure 2 shows a series of tensile engineering stress–engineer-
ing strain curves of the studied 8009Al/SiCp composites at dif-
ferent temperatures and strain rates. The curves clearly exhibit 
similar tendencies under different deformation conditions, in 
which the stress increases linearly and sharply with increasing 
strain at first. It reaches a peak after uniform plastic deforma-
tion and subsequently exhibits flow softening until the mate-
rial eventually breaks except for a strain rate of 0.001 s–1. In 
addition, the strain range corresponding to the softening stage 
of the 8009Al/SiCp composites increases gradually with an 
increasing strain rate and temperature and reaches a maximum 
at a strain rate of 0.1 s−1 and temperature of 350 °C, as shown in 
Fig. 2c. The tensile samples deformed to fracture exhibit almost 

a b c



3

Elevated-temperature tensile deformation and fracture behavior of particle-reinforced PM 8009Al matrix composite

Bull. Pol. Acad. Sci. Tech. Sci. 69(5) 2021, e138846

no necking at a strain rate of 0.1 s−1 in the tensile temperature 
range of 250–350 °C in the sample photographs in Fig. 2c. 
Therefore, the flow stress decrease is considered irrelevant to 
necking, which may be related to dynamic recovery [14‒16].

The engineering stress–engineering strain curves of the 
8009Al/Al2O3 composites at different temperatures and strain 
rates are presented in Fig. 3. Obviously, the stress-strain curves 
of the 8009Al/Al2O3 composites are significantly different 
from those of 8009Al/SiCp composites. In Figure 3, the flow 
stresses of the 8009Al/Al2O3 composites grow with an increas-
ing strain. Subsequently, the tensile specimen fracture when the 

stress reaches the ultimate tensile strength (UTS), and almost 
no dynamic softening exists under any of the tensile conditions. 
This characteristic is attributed to the shapes, types, and wetta-
bility of the reinforcing particles [10, 17‒19].

Figure 4 shows the effects of the temperature and strain rate 
on the UTS, yield strength (YS), and total elongation to fail-
ure of the 8009Al/SiCp and 8009Al/Al2O3 composites. The 
relationships among the UTS, YS, temperatures, and strain 
rates of the 8009Al/SiCp and 8009Al/Al2O3 composites are 
similar, as shown in Figs. 4a and 4b. The UTS and YS of both 
kinds of composites decrease with an increasing temperature 

Fig.	2. The engineering stress–engineering strain curves of the studied 8009Al/SiCp composites under different high temperature tensile 
deformation conditions: (a) 0.001 s−1; (b) 0.01 s−1; (c) 0.1 s−1

(a) (b) (c)

Fig.	3. The engineering stress–engineering strain curves of the studied 8009Al/Al2O3 composites under different high temperature tensile 
deformation conditions: (a) 0.001 s−1; (b) 0.01 s−1; (c) 0.1 s−1

(a) (b) (c)

Fig. 4. Temperature dependence of ultimate tensile strength (UTS) (a); yield strength (YS) (b) and total elongation to failure (c) of 8009Al/ SiCp 
and 8009Al/Al2O3 composites at various strain rate

(a) (b) (c)
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and decreasing strain rate, which is similar to the case for the 
previously investigated spray-deposited SiCp/Al-Fe-V-Si com-
posites [10]. This finding can be attributed to the activation of 
more dislocation slip systems and dynamic recovery at higher 
temperatures, as well as the higher thermal energy at higher 
temperatures and increased time provided by lower strain 
rates, which together help the dislocations overcome obstacles, 
resulting in reduced flow stress [12, 20‒22]. In addition, the 
8009Al/ SiCp composites display superior UTS, and YS com-
pared with the 8009Al/Al2O3 composites under the same ten-
sile deformation conditions, as shown in Figs. 1a and 1b. This 
superiority may be associated with the difference between the 
degrees of binding of the two kinds of reinforcing particles with 
the matrices, causing them to fracture via different mechanisms.

Table 1 gives the specific data of UTS and YS of 8009Al/ SiCp 
and 8009Al/Al2O3 composites at a strain rate of 0.1 s−1. The 
results show that compared with the 8009Al/Al2O3 composites 
the UTS of 8009Al/SiCp composites at deformation tempera-
tures of 250 °C, 300 °C, and 350 °C are increased by 53.4%, 
44.3%, and 53.9%, respectively, and YS are increased by 44%, 
33.6%, and 41.3%, respectively. In summary, the strengthen-
ing effect of 8009Al/SiCp composites is better than that of 
8009Al/ Al2O3 composites.

TABLE 1 
Strength data of particle reinforced 8009Al matrix composites 

at strain rate of 0.1 s−1

Material
Tensile 

temperature
(°C)

8009Al/SiCp 
composites

8009Al/Al2O3 
composites

UTS
(MPa)

YS
(MPa)

UTS
(MPa)

YS
(MPa)

250 292.4 ± 6 273.6 ± 3 239.0 ± 4 229.6 ± 4

300 250.9 ± 4 234.8 ± 4 206.6 ± 4 201.2 ± 5

350 207.9 ± 4 194.7 ± 5 154.0 ± 5 153.4 ± 4

In Figure 4c, the elongation of the 8009Al/SiCp compos-
ites slightly decreases at first and then increases as the tensile 
temperature increases from 250 °C to 350 °C. The lowest elon-
gation appears at 300 °C for all the strain rates. This behavior 
is different from those reported previously for a spray-de-
posited FVS0812 heat-resistant aluminum alloy sheet [4] and 
spray-deposited SiCp/Al-Fe-V-Si composite [10], where the 
elongation increased with the increasing tensile temperature. 
This difference may be related to the medium-temperature 
embrittlement of Al-Fe-V-Si alloy matrices from rapid solid-
ification. The medium-temperature embrittlement of rapidly 
solidified heat-resistant Al alloys often occurs at temperatures 
of 100–300 °C [23, 24]. New dislocation sources are constantly 
activated with the increasing temperature and external force. 
A higher temperature also provides thermal energy to facili-
tate simultaneous dislocation slipping and climbing. With the 
increasing strain, dynamic recovery becomes increasingly dom-
inant, causing a decrease in the number of open dislocation 
sources, most of which are located at special interfaces, such 
as sub-grain, grain, or phase boundaries.

In the present composites, because of the strong effects of 
massive SiCp or Al2O3 particles, easy dislocation migration paths 
are interrupted during deformation at a particular temperature. 
Therefore, the localization of microscopic deformation could 
be the result. Cracks first emerge and expand rapidly in these 
areas, and regionally concentrated damage is produced, causing 
material fracture by the early instability of the macroscopic 
plastic deformation. The elongation of the 8009Al/SiCp com-
posites increases with an increasing strain rate at all tempera-
tures from 250 °C to 350 °C. The greatest elongation of 9.9% 
for the 8009Al/SiCp composites occurs at 350 °C and 0.1 s−1. 
Furthermore, the elongation of the 8009Al/Al2O3 composites 
varies similarly to that of the 8009Al/SiCp composites, except 
at a strain rate of 0.1 s−1, where the elongation of the 8009Al/
Al2O3 composites decreases as the tensile temperature increases 
from 250 °C to 350 °C. This behavior can be attributed to the 
easier plastic deformation of the matrix alloy at high tempera-
tures, which induces poorly coordinated deformation between 
the matrix and Al2O3 enhanced particle interface at high strain 
rates. Meanwhile, the bonding between the Al2O3 particles and 
matrix alloy is relatively weak. Debonding, crack formation, 
instability, and fracturing tend to occur during tensile processes 
when the deformation conditions are unfavorable, leading to 
the rapid reduction of the elongation of the 8009Al/ Al2O3 
composites at 350 °C and 0.1 s−1. Meanwhile, the elongation of 
the 8009Al/SiCp composites is greater than that of the 8009Al/
Al2O3 composites in almost all the given deformation condi-
tions, which is a result of their different fracture mechanisms.

3.3.	Work-hardening	behavior
Work-hardening behavior of the composites can be described by 
the work-hardening rate (θ = ∂σ/∂ε , where σ  is the true stress 
and ε  is the true strain) [25]. Figure 5 shows the work-hard -
ening rate versus the true strain under different deformation 

Fig.	5. Work-hardening rate–true strain curves of the 8009Al 
matrix composites: (a) at the strain rate of 0.1 s−1 and (b) at the 

temperature of 350 °C

a)

b)
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conditions of the 8009Al matrix composites. The work-hard-
ening rates of the composites show similar trends and can 
be divided into two stages. The work-hardening rate sharply 
increases as the true strain increases and reaches a maximum 
value in stage I. This behavior may arise from the high disloca-
tion density generated with increasing strain, the high-volume 
fraction of Al12(Fe,V)3Si-phase dispersoids, and SiCp/Al2O3 
reinforcing particles, which can strongly hinder the disloca-
tion motion. The high-density dislocations experience pinning 
become tangled, respond, and reorganize, which increases the 
work-hardening rate [11, 13]. In stage II, as the strain increases, 
the work-hardening rate decreases rapidly. This characteristic 
can be attributed to the dynamic recovery, the decrease in the 
dislocation density, the cracking of the reinforced particles, the 
debonding of the reinforced particles from the Al matrix inter-
face, and so on [10, 26].

Figure 5a shows the variation of the work-hardening rate with 
strain for the 8009Al matrix composites at a strain rate of 0.1 s−1. 
The temperature sharply influences the work-hardening rate. 
The work-hardening rate of the 8009Al/SiCp or 8009Al/Al2O3

composites decreases with an increasing temperature, and the 
work-softening rate of the 8009Al/SiCp composites appears 
to be negative with an increasing strain, which corresponds 
to a decrease in tensile stress. Figure 5b further illustrates the 
work-hardening rates for the 8009Al matrix composites at dif-
ferent strain rates and demonstrates that a higher work-harden-
ing rate occurs at a higher strain rate. Moreover, the work-hard-
ening rates of the 8009Al/SiCp composites are higher than 
those of the 8009Al/Al2O3 composites under the same condi-
tions in Fig. 5.

3.4.	Fracture	behavior
Figure 6 shows the fracture surfaces of the 8009Al/SiCp com-
posites tested at the temperatures of 250–350 °C and strain rates 
of 0.001–0.1 s−1. The dimples are distributed throughout the 
8009Al alloy matrix fracture surface, which indicates that ductile 
fracturing according to the micro void growth and coalescence 
is the primary fracture mechanism of the studied 8009Al/SiCp 
composites [27‒29]. However, the dimples are very fine and 
shallow under any given experimental deformation conditions 

Fig. 6. SEM fractography of the 8009Al/ SiCp composites obtained under different tensile deformation conditions: a) 250 °C, 0.001 s−1; b) 250 °C, 
0.001 s−1; c) 250 °C, 0.1 s−1; d) 300 °C, 0.001 s−1; e) 300 °C, 0.001 s−1; f) 300 °C, 0.1 s−1; g) 350 °C, 0.001 s−1; h) 350 °C, 0.001 s−1; k) 350 °C, 0.1 s−1
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in Figs. 6a–k, indicating that small plastic deformations occur 
in the 8009Al/SiCp composites. This feature can be attributed 
to the high volume fraction of very fine Al12(Fe, V)3Si-phase 
dispersoids distributed mainly along the smaller grain boundary 
of the 8009Al alloy matrix, which effectively prevents matrix 
grain growth and dynamic recrystallization behavior [4, 13]. 
Along with the increase in tensile stress, the voids nucleate 
at the interfaces between the matrix and Al12(Fe, V)3Si-phase 
dispersoids, then undergo growth and coalescence via ductile 
shearing, eventually leading to dimpled fracture [4, 5]. In addie-
tion, the dimples in the matrix become much larger and deeper 
with an increasing strain rate in Fig. 6, which indicates that the 
plastic deformation of the matrix increases with an increasing 
strain rate. The dimples in the matrix at 250 °C and 300 °C 
have nearly the same size and depth, as shown in Figs. 6a–6f, 
and the dimples are larger and deeper at 350 °C in Figs. 6g–6k. 
The variation in fracture strain is the same as that of the stud-
ied 8009Al/SiCp composites, which can be attributed to the 
higher thermal activation energy at 350 °C and the effect of 
the previously mentioned medium-temperature embrittlement 
at 200–300 °C [24, 30].

Moreover, the enhancement of the ceramic particles in the 
composites is related to the bonding properties of the interface 
between the ceramic particles and alloy matrix and the uni-
form distribution of the ceramic particles in the alloy matrix. In 
Figure 6, most of the SiC particles break to form new smooth 
surfaces and a few characteristics of SiC particle pull-out can 
be observed in the fracture surfaces of the 8009Al/SiCp com-
posites, which show a good interface formation between the 
SiC particles and alloy matrix [11]. Based on the authors’ pre-
vious research [12, 13], it is believed that there are two kinds 
of an interface between Al matrix composites prepared by PM 

and extrusion, i.e., slight reaction interface and clean inter-
face, which are the same as those reported by others [31‒33]. 
Meanwhile, the interaction between the added SiC particles and 
Al matrix is thought to be the main reason for good interface 
formation by He et al. [10] and Hao et al. [11]. The chemical 
reaction products, i.e., the Si and Al4C3 phases distribute at 
the SiCp/Al matrix interface, and the resultant Si can diffuse 
into an Al matrix to improve the wettability of the SiCp/Al 
matrix interface; accordingly, the bonding between the SiC par-
ticles and alloy matrix is strong [10, 34, 35]. Meanwhile, the 
new smooth surfaces also demonstrate that the SiC particles 
experience tremendous loads transferred from the Al matrix, 
because of the mismatch between the elastic constants, which 
can enhance the load transfer of the studied PM 8009Al/SiCp 
composites. The number of fractured SiC particles decreases 
(a 98%; d 96%; f 92%; k 90%) and the quantity of pulled 
out SiC particles increases with an increasing temperature 
and strain rate, as shown in Fig. 6. This characteristic can be 
attributed to the weakening bonding between the SiC particles 
and alloy matrix with an increasing temperature. In summary, 
the fracture mechanism of the studied 8009Al/SiCp composites 
is mainly ductile fracturing according to the micro void growth 
and coalescence, accompanied by a very small amount of brittle 
fracturing. Furthermore, SiC particle cracking and/or interfacial 
debonding between the SiC particles and matrix not only under-
mine the local continuity of the materials but also decrease the 
cross-sectional areas of the 8009Al/SiCp composite specimens 
under tension significantly reduce the flow stress of the materi-
als and induce premature fracturing and failure [36, 37].

The fracture surfaces of the 8009Al/Al2O3 composites under 
different conditions after high-temperature tensile testing are 
shown in Fig. 7 and exhibit characteristics significantly differ-

Fig. 7. SEM fractography of the 8009Al/Al2O3 composites obtained under different tensile deformation conditions: a) 250 °C, 0.001 s−1; 
b) 250 °C, 0.001 s−1; c) 250 °C, 0.1 s−1; d) 350 °C, 0.001 s−1; e) 350 °C, 0.001 s−1; f) 350 °C, 0.1 s−1
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ent from those of 8009Al/SiCp composites. As shown in Fig. 7, 
nearly all of the Al2O3 particles are pulled out, which indicates 
a poor combined surface bonding between the Al2O3 particles 
and Al matrix, probably because the unreacted appropriate 
product appears at the Al2O3/Al matrix interface and does not 
improve its wettability [38]. Meanwhile, spherical Al2O3 par-
ticles have lower wettability on an Al matrix. In Fig. 7, some 
relatively large cavities are present, dimples are not evident 
under most deformation conditions, and small dimples can be 
observed only at 350 °C and 0.001 s−1 in Fig. 7e. Thus, plas-
tic deformation of the 8009Al/Al2O3 composites is not highly 
developed and brittle fracturing is the primary fracture mode 
[39‒41]. Therefore, the wettability of irregular SiC particles 
with an 8009Al alloy matrix is different from that of spheri-
cal Al2O3 particles, causing differences in the actual fracture 
mechanisms of the two kinds of particle-reinforced PM 8009Al 
matrix composites [10, 11, 19].

4. CONCLUSIONS
The tensile deformation and fracture behavior of particle-re-
inforced PM 8009Al matrix composites were studied at tem-
peratures of 250‒350 °C and strain rates of 0.001–0.1 s−1. The 
results can be summarized as follows:
● The UTS and YS of particle-reinforced PM 8009Al matrix 

composites decreased with an increasing temperature 
and decreasing strain rate. The elongation of the studied 
composites slightly decreased at first and then increased 
with an increasing tensile temperature except when the 
strain rate was 0.1 s−1, in which case the elongation of 
the 8009Al/ Al2O3 composites always decreased with an 
increasing tensile temperature because of the strain incom-
patibility and weak bonding between the matrix and Al2O3 
particles at high strain rates. Meanwhile, the 8009Al/SiCp 
composites displayed superior UTS, YS, and elongation 
compared with the 8009Al/Al2O3 composites under the 
same tensile deformation conditions. The irregular SiC 
particles exhibited better strengthening effects than the 
spheroidal Al2O3 particles in the studied 8009Al matrix 
composites.

● The work-hardening rate of particle-reinforced PM 8009Al 
matrix composites sharply increased to a maximum and 
then decreased rapidly as the true strain increased. Higher 
work-hardening rates could be obtained at higher strain rates 
and lower temperatures.

● The fracture modes of particle-reinforced PM 8009Al matrix 
composites depended on the reinforcement type. The fracture 
mechanism of the 8009Al alloys reinforced with SiC par-
ticles was mainly ductile fracturing according to the micro 
void growth and coalescence with a very small amount of 
brittle fracturing. The cracking of the SiC particles gradually 
decreased but bonding at the Al matrix-particle interfaces 
increased with an increasing temperature and strain rate. 
Debonding at the matrix-particle interfaces was the dom-
inant cracking mode and brittle fracturing was the primary 
fracture mechanism for the 8009Al alloys reinforced with 
Al2O3 particles.
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