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Abstract: Al,O; short fiber reinforced Al-Cu composites containing 1%, 3%, 5% and 7% Cu were fabricated by a squeeze casting
technique. The as-cast Al,03/Al-Cu composites were solution treated at 535 “C and then aged at 170, 190 and 210 ‘C, respectively.
Age hardening behavior of the Al,05/Al-Cu composites was analyzed by measuring the hardness of the samples at different aging
temperatures and aging time. Microstructures of the composites were observed by transmission electron microscope(TEM). The
results indicate that the hardness of the Al,0;/Al-Cu composites containing 7% Cu is much higher than that containing 1%—5% Cu
because of the large amount of CuAl, precipitant in the Al,O3/Al-Cu composite. With the increase of Cu content from 1% to 7%, the
time needed for the appearance of peak hardness shortened, indicating that the addition of Cu can accelerate the kinetic of CuAl,
precipitation in the Al,O;/Al-Cu composites. The Al,0;/Al-Cu composite containing 7% Cu shows the highest increment of hardness
by aging treatment. Therefore, in order to get a higher peak hardness, the Al,05/Al-Cu composites need more Cu addition as

compared with the un-reinforced Al-Cu alloys.
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1 Introduction

Discontinuously reinforced metal matrix composites
have received much attention because of their improved
specific strength and modulus, good wear resistance and
modified thermal properties[1—3]. Short fiber or whisker
reinforced aluminum alloy matrix composites have
shown more advantages in mechanical and thermal
properties because of the higher load transfer between
reinforcement and matrix[4—6]. Al,O; short fiber is
promising for metals matrix composites because of the
high performance and low cost of the Al,O; short fiber.
However, it was found that Al,O; of other fibers
containing AL,Os, such as Al;sB4O3; whisker, can react
easily with Mg containing aluminum alloys, resulting in
a decrease of properties of the composites[6—7].
Therefore, Al-Cu alloy becomes a suitable matrix alloy
for the composite reinforced by Al,Os short fiber.

The aging behavior of discontinuously reinforced
metal matrix composites has been a subject of great
interest, which is beneficial to optimizing the aging
treatment and providing the experimental and theoretical
information for designing the properties of the
composites[8—9]. Different results have been reported in

the case of hardening behavior of discontinuously
reinforced Al-Cu alloy composites[10—11]. KIM et al[12]
reported significant retardation in the kinetics of
hardening during aging of SiC reinforced Al,Cu alloy
composites. On the contrary, it was also reported that the
hardening kinetics was enhanced by the addition of
ceramic reinforcements[11,13—14]. The nature of the
change in age hardening behavior during aging of
discontinuously reinforced metal matrix composites
depends mainly upon matrix material, size, morphology
and volume fraction of reinforcement, interface between
matrix and reinforcement, composite processing route
and aging temperature[15—18]. In the present research,
Al,O; short fiber reinforced Al-Cu alloy composites with
different Cu contents are fabricated by a squeeze casting
technique, and the age-hardening behavior and
microstructure  evolution during aging of the
Al,O3/Al-Cu composites are investigated.

2 Experimental

Al-Cu alloys with mass fraction of Cu of 1%, 3%,
5% and 7%, respectively, were used as the matrix
material. Al,O3 short fibers with average diameter and
length of 5 pm and 150 pm, respectively, were used as the
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reinforcements. Al,O3/Al-Cu composites with Al,Os
volume fraction of 40% were fabricated by a squeeze
casting technique. The process of the squeeze casting
was as follows: 1) the Al-Cu alloy was melted and heated
up to 800 ‘C, meanwhile, the Al,O; short fiber preform
was heated to 500 ‘C, and 2) the melted Al-Cu alloy was
then infiltrated into the preform under a low pressure
(about 2 MPa) and solidified under a high pressure
(about 50 MPa).

The as-cast Al,O3;/Al-Cu composite samples were
solution treated at 535 ‘C for 1 h, water quenched and
then aged at 170, 190 and 210 C, respectively, for 20 h.
Age hardening behavior of the Al,03/Al-Cu composites
was analyzed by measuring the hardness of the samples
at different aging temperatures and aging time using a
Vickers hardness testing machine. Morphology of
precipitants in the Al,O3/Al-Cu composites at different
aging stages was observed and analyzed using a Philips
CM-12 transmission electron microscope(TEM).

3 Results and discussion

3.1 Age hardening behavior of Al,O3/Al-Cu com-
posites
The morphologies of the ALO; short fiber and
AL O3/Al-Cu composite are shown in Fig.1 observed by
scanning electron microscope(SEM). It can be seen that
the AL,O; short fibers are well separated and distributed
uniformly in the as cast Al,0;/Al-Cu composite.

100 pm
Fig.1 SEM morphologies of Al,O; short fiber (a) and
Al,03/Al-Cu composite (b)

Fig.2 shows the effect of Cu content on the hardness
of the ALO3/Al-Cu composites as a function of aging
time during aging at 170, 190 and 210 C, respectively. It
can be seen that the age hardening rate of the composite
increases with increasing Cu content for all the aging
temperatures. When the aging temperature is 190 C as
shown in Fig.2(b), the peak hardness of the composite
with 7% Cu appears at the aging time of 11 h, while, the
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peak hardness of the composites with Cu content of 5%
and 3% appear at the aging time of 12.5 h and 14 h,
respectively.

It has been reported that the reduction of the
retained vacancy sites in the composite due to the
absorption of quench-in vacancies in the high dislocation
density matrix, which is caused by the large difference of
the coefficient of thermal expansion between ceramic
reinforcement and matrix alloy, inhibits the GP zone
formation because the nucleation of the GP zone requires
vacancy clusters[10]. Therefore, the time needed for the
appearance of peak hardness depends on the precipitation
rate of #” (CuAly) phase that accounts for the peak
hardness[12]. With increasing Cu content in the
composites, it becomes easier for the Cu atoms to diffuse
and aggregate in the matrix, which accelerates the
nucleation and growth of the CuAl, phase and increases
the hardening rate of the composites.

With increasing Cu content from 1% to 7% in the
Al-Cu alloys, the hardness of the Al,05/Al-Cu composite
in both solution and aging state increases greatly as
shown in Fig.2. It is also found from Fig.2 that the
increment of the peak hardness compared with solution
state increases obviously with increasing Cu content.
When the Cu content is 1%, there is almost no peak
hardness, while, the peak hardness increases by about
20% compared with solution state when the Cu content is
7%.

The most important reason for the increasing age
hardening effect of the composite is that the amount of
the CuAl, phase increases with increasing Cu content.
For the unreinforced Al-Cu alloys, the Cu content is
usually less than 5%, which is enough to form required
precipitant for the appearance of peak hardness. In the
ALO;3/Al-Cu composite some Cu elements will be
captured by the high density dislocations in the Al-Cu
alloy matrix, and these Cu elements cannot contribute to
the formation of CuAl, precipitant in the composite.
Therefore, in order to get higher age hardening effect,

more Cu element is needed to form enough CuAl, phase
in the matrix compared with unreinforced Al-Cu alloy.
However, for the composite with 7% Cu content, the
hardness decreases sharply after peak hardness because
of the overaging. Therefore, it is important to select an
optimum aging time for obtaining the peak hardness of
the Al,03/Al-Cu composites.

3.2 Precipitation behavior of Al,O,/Al-Cu composites

It can be seen from Fig.2 that the Al,O;/Al-Cu
composite containing 7% Cu shows higher hardness
during aging at 190 °C and 210 'C compared with that at
170 C. It is also found from Fig.2(b) that when the
composites are aged at 190 °C, the hardness of the
AlLO3/Al-Cu composite containing 7% Cu is much
higher than that containing 5% Cu. Fig.3 shows the TEM
morphologies of the CuAl, precipitants of the
AlL,O3/Al-Cu composite containing 5% Cu after aging at
190 °C for different time. It can be seen that both amount
and size of the CuAl, precipitant increase with increasing
aging time. At the aging time of 4 h, the amount of the
CuAl, precipitant is lower, corresponding to a lower
hardness of the composite. At the aging time of 14 h, the
amount of the CuAl, precipitant increases and the size of
the CuAl, precipitant is almost not increased. The large
amount of CuAl, precipitant with small size accounts for
the peak hardness of the composite. At the aging time of
20 h, the size of the CuAl, precipitant increases greatly,
meanwhile, the amount of the CuAl, precipitant does not
increase, leading to a decrease of the hardness of the
composite.

Fig.4 shows the TEM morphologies of the CuAl,
precipitants in the Al,03/Al-Cu composite containing 7%
Cu after aging at 190 ‘C for different time. It shows
similar characteristic of morphology as that shown in
Fig.3. By comparing Fig.4 with Fig.3, it can be seen that
the amount of the CuAl, precipitant in the composite
containing 7% Cu is larger than that containing 5% Cu
for all the aging stages. It is also found that the size of the

0.2 ym

. .

Fig.3 TEM images of CuAl, precipitants in Al,03/Al-Cu composites containing 5% Cu after aging at 190 C for 4 h (a), 14 h (b) and

20 h (c)
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Fig.4 TEM images of CuAl, precipitants in Al,03/Al-Cu composites containing 7% Cu after aging at 190 C for 4 h (a), 12 h (b) and

20h (c)

precipitants in both composites is similar to that at
different aging stages. Therefore it can be concluded that
the large amount of CuAl, precipitant is the main reason
for the higher hardness of the Al,O3;/Al-Cu composite
containing 7% Cu, which can be seen clearly in Fig.2.

4 Conclusions

1) The hardness of the AlL,O3;/Al-Cu composite
containing 7% Cu is much higher than that containing
1%—5% Cu. The large amount of CuAl, precipitant is the
main reason for the higher hardness of the Al,0;/Al-Cu
composite containing 7% Cu.

2) With the increase of Cu content from 1% to 7%,
the time needed for the appearance of peak hardness
decreases, indicating that the addition of Cu can
accelerate the kinetics of CuAl, precipitation in the
AlO5/Al-Cu composites.

3) The Al,O3/Al-Cu composite containing 7% Cu
shows the highest increment of hardness by aging
treatment. Therefore, in order to get a higher peak
hardness, the Al,03/Al-Cu composite needs more Cu
addition as compared with the un-reinforced Al-Cu
alloys.
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