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An investigation on mechanical properties of (Alg;Cuy,sFe,)p/ZL101
composites by squeeze casting

TIAN Jin-zhong, ZHAO Yu-hong, ZHANG Feng-hao, LI Hui-jun
(College o f Materials Science and Engineering , North University of China . Taiyuan 030051, China)

Abstract: Influence of different extrusion pressures and pouring temperatures on comprehensive performance of
(Alss Cuzs Fei2 ) p/Z1.101 composites is studied in this paper. The results show that the tensile strength, elongation and hardness
of (AlssCugs Fez)p/ZIL101 composite increase with the squeezing pressure increasing from 50 MPa to 100 MPa, and gradually
reduce from 100 MPa to 150 MPa. In addition, the mechanical properties of the composite can be improved with pouring

temperature growing, while the temperature should not exceed 760 °C. When squeezing pressure is 100 MPa and pouring

temperature is 720 °C, mechanical properties of composites are the best.

Finally, the mechanical properties of

(Alss Cugs Fey2 ) p/Z1.101 composite will be improved by suitable heat treatment technology.
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0 Introduction

In order to get higher properties of metal or alloys,
one of the best methods is adding a kind of hard

second phasel™?/.

About 20 years ago, SiC as a
second phase was widely used for improving material
properties. But the interfacial reaction between SiC
and alloys (such as Al alloys) could be induced
during casting with high temperature, which results
ductility and  tensile  strength™’.
particles of SiC tend to

agglomerate to form clusters because of the poor

in lower

Furthermore, the

wettability between SiC and alloys-".

The quasicrystalline (QC) phases have been used
to reinforce metal or alloys lately, due to its high
hardness and strength, low coefficient of friction and
resistance”®,  And the
between QC and matrix is better compared with
SiCH.
the new field that metal or alloys matrix composites
reinforced with QC particles. Ali F et al. ' studied
the interfacial reaction between Al-based metal

good wear wettability

Recently, there has been a great of interest in
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matrix composites and Al-Cu-Fe QC particles. It is
found that the yield strength has been remarkably
enhanced by the reaction of QC-to-w phase (w :
Al;Cu,Fe,) transformation. In addition, Kaloshkin
et al.U' prepared Al/Al-Cu-Fe
mechanically alloyed. No pore can be seen in the
Other

researchers have studied the similar methods that

composites by
composite alloy formed by this method.

improve mechanical properties of matrix with QC.
r

For example, Litynska-Dobrzynska et al. "' reported
that Al matrix composites reinforced by different
contents of Alg Cuy Fepp, QC particles (20, 40 and
60 wt. %) with vacuum hot pressing technique. The
QC phase with the content of 20 wt. % and 40 wt. %
does not change after consolidation, but when the
content of QC phase is 60 wt. %, its approximant
(Al,Cu) is formed at the Al/Als; Cuy Fey, interfaces
and inside,
370 MPa.
In this paper, the Alg Cuy Fepy QC powder
reinforcing Z1.101 is produced by squeeze casting.

and compressive strength is up to

The effects of squeeze pressure and heat treatment on
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mechanical properties of composite materials are
analyzed.

1 Experiment

This selected the Alg; Cuy; Fepy
quasicrystal particles as reinforced particles and the
7Z1.101 as matrix material. The ingot of Alg; Cuys Feps
alloy is obtained by casting method"*"*'. After heat

paper has

treatment, the ingot is crushed by simple physical
crushing, then the Alg; CuysFejy alloy is ball milled in
the planetary ball mill at 140 rpm. Powders with
100—200 mesh have been selected. Then the QC
powders are added to ZI.101 alloy under 600 ‘C when
the alloy is in a semi-solid state. After fully mixing,
the alloy liquid is poured on extrusion machine. The
pouring temperature is 680, 720 and 760 °C, and the
100 and 150 MPa,
respectively. Time holding is 20 s. In order to reduce

extrusion pressure 1is 50,

the oxide inclusion during the casting, a purified
argon atmosphere is carried out,

2 Results and discussion

2.1 Effects of extrusion pressure on micro-
structure of ( Alg; Cuys Fep, ) p/ZL101
composite

The microstructure of (Alg Cuys Fe, ) p/Z1L101

composite under different pouring temperatures and
extrusion pressures are shown in Fig. 1.

(c) P=150 MPa, 7=680 ‘C

(e) P=100 MPa, 7=720 C

(f) P=150 MPa, =720 C

(i) P=150 MPa, T=760 C

Fig. 1 Metallographic structure of (Alg Cuys Fey, ) p/ZL101
composite
It can be found that primary «-Al phase becomes

finer and its shape changes from developed dendrite
to rose-shape with the increase of extrusion pressure.
In order to further understand the change of grain
size, the average diameters of primary o-Al have been
measured by straight-line method. The results are
shown in Fig. 2.
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Fig. 2 Average diameters of primary a-Al phase

When pouring temperature is 680 ‘C and extrusion
pressure is 50 MPa, the primary o-Al alloy phase
exhibits well-developed dendritic morphology, and
size of primary dendrite is
68. 52 pm. When extrusion pressure is 100 MPa, the
coarse primary oAl phase has changed into rose-

the average grains

shape and average particles diameter is 63. 96 pm.
When extrusion pressure is 150 MPa, the strips of
eutectic Si are interrupted into punctation or fine
acicula.

When pouring temperature is 720 °C and the
extrusion pressure is 50 MPa, primary o-Al phase
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shows a well-developed dendritic morphology. But
average diameter of o-Al phase has decreased 39. 8%
comparing with the primary Al phase (Fig. 1(a)).
When the pressing pressure is 100 MPa, grain size of
primary o-Al phase becomes smaller significantly,
and some spherical o-Al grains appear. When the
extrusion pressure is 150 MPa, grain size of primary-
Al phase has no obvious change, while the eutectic Si
phase becomes finer. At the same time, we find that
this experimental organization is compact and does
not exist hole comparing with other groups.

When pouring temperature is 760 °‘C and the
50 MPa,
developes dendritic morphology too. But there are

extrusion pressure is primary oAl
some defects, such as the shrinkage cavity is still
there with the increase of pressure.

The SEM microstructures of (Alg Cuys Fepp ) p/
Z1.101 composite with extrusion pressure of 100 MPa
and pouring temperature of 720 °C, are shown in
Fig. 3.
precipitated phase is eutectic Si phase. The eutectic

The black gray is the primary oAl and

Si is distributed in composite. The results agree with
metallographic structure.

- ]
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Fig.3 SEM structures of (Alg; CupsFe;,)p/ZIL101 composite

2.2 Effects of extrusion pressure on properties of
(Alg;Cuys Feyy ) p/Z1101 composite

The mechanical properties of (Als; Cuys Fez ) p/
Z1.101 composite under different extrusion pressure
are shown in Fig. 4.

When the extrusion pressure is between 50 MPa
and 100 MPa, the tensile strength, elongation and
hardness increase with the increase of pressure.
When the extrusion pressure is between 100 MPa and
150 MPa, the
hardness of the compound gradually reduce as the
Therefore,
temperature is appropriate and the extrusion pressure
is 100 MPa,
properties can be obtained.

tensile strength, elongation and

increase of pressure, when pouring

composites with better mechanical
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Fig. 4 Mechanical properties of (Alg Cuys Fey, ) p/ZL101
composite

2.3 Effects of pouring temperature on
(Alg;CupsFepy) p/Z1.101 composite

When the extrusion pressure is 100 MPa, the
composites exhibit excellent mechanical properties.
So the
Alg; Cuys Fey, /71101 composite are analyzed, the
100 MPa
temperatures are 680, 720 and 760 °C, respectively.

microstructure and  performance of

extrusion pressure Is and pouring

When pouring temperature is relative lower
(680 “C), it is not good for filling, and it is easy to
produce cold shuts and misrun defects. Therefore its
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mechanical properties are relatively low. The tensile
strength, elongation and hardness of composites are
213 MPa, 6.0% and 72. 50 HB, respectively.

When the pouring temperature is 760 ‘C, the melt
splash easily and would produce “burr”, and then
serious shrinkage cavity and porosity defects can be
formed in the process of extrusion casting. These
defects will reduce the mechanical properties of the
composite, and its tensile strength, elongation and
225 MPa, 6.7% and 73.50 HB,
respectively. In addition, if the pouring temperature
is too high, it will reduce the lifetime of the die. At
the same time, it will make the liquid metal get a lot

hardness are

of oxidation, and directly affect the quality of
composite materials.

Suitable pouring temperature is particularly critical
for extrusion casting of aluminum based composite
materials, which can improve the filling ability and
prevent the defects. A large number of experiments
show that of Al;s Cuy Fepn/ZLL101

composite material are the best when the pouring

properties

temperature is 720 C.

2.4 Influence of heat treatment on microstructure
and properties of (Alg Cus Fe, ) p/Z1101
composite

In general, the mechanical properties of casting
aluminum alloy can’t meet the using requirements.
The mechanical properties of the alloy, such as
can be improved

And the heat

treatment can also eliminate internal stress and

tensile strength and hardness,
significantly by heat treatment.

improve the internal segregation and microstructure
of alloy internal.

The optimum process parameters (the extrusion
pressure is 100 MPa and pouring temperature is
720 °C) have been selected in as-cast specimen for
heat treatment. And the heat treatment process is as
follows: solid solution process is 535 + 5 °C/8h
followed by water quenching, and aging process is
180+5 °C/6h.

The microstructures of (Alg Cuys Fey, ) p/Z1L101
composite material under as-cast condition and after
heat treatment state are shown in Fig. 5.

The organization of eutectic Si alloy have changed a
lot after heat treatment. In the as-cast condition,
eutectic Si have exhibited acicular or strip shape and
dispersed in the primary o-Al grain boundary. But
the morphologies of the eutectic Si are not uniform
and have different lengths, which is easy to split the

matrix and reduce the mechanical properties of the
alloy. As shown in Fig.5(b), the chunk or long
eutectic Si have melted, and finally changed into
spherical or ellipsoidal shape after heat treatment.
They are evenly distributed in the base of o-Al,
which is beneficial for the mechanical properties of
composite materials.

Fig. 5 Microstructures of AlgCuysFe;, /Z1.101 composite

The mechanical properties of Alg; Cugs Fey,/Z1.101
composite in as-cast and heat-treatment conditions
are listed in Table 1. After heat treatment, the
mechanical properties of composite materials are
increased. Its tensile strength has increased from
230 MPa to 308 MPa, rising by 34. 6% and the
hardness of as-cast condition has increased from
74.5 HB to 110. 4 HB, rising by 48. 2%.

Table 1 Mechanical properties of Ali; Cus Fey, /Z1L101
composite in as-cast and heat-treatment conditions

Tensil
Stat tf:rzlgteh Hardness Elongation
ate s
HB 0
wMPy OB 300
(AlgsCugs Ferz)p/Z1.101 230 74.5 8.4
(Alg3Cuss Fer2) p/ZIL101-T6 308 308 110. 4 10.5

The strengthening mechanisms of composite are
also discussed. The main strengthening mechanisms
are as follows:

1) The number of grains in a unit volume increases
with the addition of quasicrystal particles, and the
grains will be refined. Fine grains in material can
significantly improve the mechanical properties.

2) The Alg; Cuys Fepy quasicrystal is an important
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strengthening phase for aluminium alloy due to high
hardness and good wettability. In addition, some Cu
atoms diffuse into the aluminum matrix, which are
mainly acted as solution strengthening elements in
heat-treatment course.

3 Conclusion

(Alg; Cuys Fey,) p/Z1L101 composite is prepared by
squeeze casting method in this paper. The influences
of the extrusion pressure, pouring temperature and
heat treatment on the mechanical performance of
(Algs Cuys Feyy ) p/Z1.101 composite are also studied.
The main conclusions are summarized as follows:

1) When pouring temperature is certain, the
defects
composites

decrease and mechanical properties of
improved with the
squeezing pressure during 50 MPa to 100 MPa.
These properties gradually reduce from 100 MPa to
150 MPa. In short, the alloy has best mechanical

properties while the extrusion pressure is 100 MPa.

are increase of

2) When the extrusion pressure is certain, the
mechanical properties of the composite have increased
with the rising of pouring temperature. But when
pouring temperature continues increasing, its
mechanical performance is significantly reduced. So
the optimal casting temperature is 720 C.

3) The mechanical properties of the composite are
improved greatly after heat treatment. Its tensile
strength has increased from 230 MPa to 308 MPa,
rising by 34. 6% and the hardness of as-cast condition
has increased from 74. 5 HB to 110. 4 HB, rising by

48.2%.
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