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Pseudo-semi-solid thixoforging of cup shell with Al/A1,O4
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Abstract: A new technology—the thixoforging of ceramics/metal composites in pseudo-semi-solid state was proposed based on the
powder metallurgy technology combined with semi-solid metal forming process, and the cup shell of automobile piston with
Al,O5/Al composites was prepared. It is proved through metallographic analyses and three-point bending tests that the technology is
feasible for the ceramics/metal composites forming. The results show that the tough strength and the degree of hardness of the
samples with certain plasticity are high. It will play a very large role in accelerating the ceramics composites and high melt point
materials use in more fields and tamp the foundation for further studies of this technology.
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1 Introduction

The composite has high strength and high hardness
when some ductile metal is added into the ceramics, at
the same time the fracture toughness can be improved
availably[1-4]. We also know that the increase of
toughness is because of the bridging action of ductile
metal in the cracks of matrix and the dissipated energy of
plastic deformation and fractures of the metal in bridging
zones[5]. Based on the papers mentioned above, we
proposed a new technique for the compounding of metal
powder and ceramic one combining the technologies of
powder metallurgy with the semi-solid metal thixo-
forging[6—11]. Firstly, prepare compact billets under
certain pressure with ceramic and metal composite
powders with certain ratio by powder metallurgy;

secondly, heat the billets into the temperature interval
pseudo-semi-solid temperature at which the matrix is in
solid state and the metal is in liquid state based on the
characters of the semi-solid metal process; finally,
prepare the parts by stamp forging.

2 Experimental
2.1 Improvement of wettability between ceramic and

metal
The metal powder was aluminum powder whose

size 1s 40 pm and the matrix is alumina whose size is 10
pm. The composition of alumina is listed in Table 1. In
the composite powder the volume fraction of Al is 40%.

Table 1 Composition of alumina (mass fraction, %)

Alej, SIOZ Fezo3 Nazo Alkali

=984 <0.04 <0.03 <0.60 <1.0

Usually the wetting and consistency between
ceramic and metal are very bad. There is not any
sintering phenomenon appearing in Al,O;/Al composite
even at 1 000 ‘C. In order to improve the wetting
between them, in this paper it adopted two means:
adding Mg element and preheating the matrix powder.
Because Mg element reduces the surface and boundary
tension of the liquid aluminum as a surface active
element adsorbed and enriched on the surface or the
interfaces between AlL,O; and Al The pre-heating
treatment of Al,O; powder can reduce or eliminate the
impurities and the gas adsorbed on the powder surfaces
and can improve the wetting. The optimal technology
parameter was 900 ‘C, 1-2 h. The composite powder
was mixed for 15 h by a XH-2 three-dimensional blend
machine.

2.2 Pressing of billet
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The billets were prepared by mono-directional
pressing. In order to reduce the non-homogeneous effect
of density because of the influence of friction during
pressing, we smeared some anti-friction materials on the
internal surface of the moulding chamber for better
pressing conditions. Finally we obtained the optimal
compact billets. In order to reduce the internal porosity
because of the great influence of compactness on the
performances of the composite, the cold pressed billets
must be hot pressed later to densify further and avoid the
metal oxidization among the composite.

2.3 Pseudo-semi-solid thixoforging of cup shell

Firstly, we put the hot pressed billets into the
electrical resistance furnace to reheat at different
pseudo-semi-solid temperatures for about 18 min, until
the aluminum melted completely. Secondly, put the hot
billets from the furnace into the chamber quickly whose
temperature was about 450 ‘C. Finally the billets were
forged under about 700 MPa and retained the pressure
for about 60 s. The device is shown in Fig.1. The
forming speeds were 30 mm/s and 5 mm/s respectively.
And the part formed is shown in Fig.2. It can be seen that
the billets fill in dies adequately by the pseudo-semis-
solid thixoforging technology.
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Fig.1 Device for automobile piston pseudo-semi-solid forming:

1 Upper die plate; 2 Seat pad; 3 Fixed plate; 4 Upper die;
5 Low die; 6 External form; 7 Loose core; 8 Screw; 9 Low die
plate; 10 Post bar; 11 Die core; 12 Resistance wire; 13 Piston
14 Press plate

3 Results and discussion

3.1 Microstructure

The microstructures of cup shell with Al/ALOs
ceramic matrix composite at different forming speeds
shown in Fig.3 are obtained under a MM6 metallogra-

Fig.3 Microstructures of cup shell: (a) Smm/s; (b) 30 mm/s

phic microscope.

From Fig.3 it can be found in the microstructure
that the molten aluminium surrounds the Al,O; particles
but it is not homogeneous. With the increase of velocity,
the microstructure becomes more and more homo-
geneous. It is just the same as the theory of semi-solid
forming. But the bonding between the particles is
excellent. From these microstructures a few loose
textures and shrinkage cavities in them are found. It is
mainly because that the dwell time is too short and the
liquid phase in the samples had not been solidified
completely during the pressure retaining, subsequently
the liquid phase solidified without pressure.

By this technology the low melting point phase
metal aluminum is as the plasticizer. At the pseudo-
semi-solid temperatures the liquid aluminum surrounds
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the Al,Oj; particles. The Al,O; particles are bonded with
each other by the liquid aluminum. So the liquid phase
can be regarded as the cohesive material. It replaces the
cohesive materials and additions added in the composites
by conventional technology. At the same time the
forming temperature required only reaches the melting
point of the low melting point alloy. Compared with the
conventional technologies it is easy to operate and
control, its forming temperature is low, and the condition
is better.

3.2 Hardness of cup shell

The hardness in the different points of the billets
was measured and analyzed by a Vickers hardness tester.
The sampling positions are shown in Fig.4.
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Fig.4 Position of sampling

The hardness values of different points are shown in
Table 2.

From Table 2 it can be known that the hardness
values are not average. The hardness in point 1 is bigger
than that in point 2 and point 3. The hardness values
increase from that in point 2 to point 4 and the last one is
the biggest. This is mainly because that the composition
of the cup shell is non-uniform in different positions. In
the initial stage of forming, the billets in which the liquid
aluminum and Al,O; particles distributed uniformly fill
the moulding chamber under the pressure. The billets
flow with small resistance force and the flowage

difference between liquid and alumina particles is not big.

At this time a mass of alumina particles fills the dies with
the liquid aluminum. But with the forming going on, the
temperature-gradient between the dies and the billets has
great influence on the fore-end of the billets and the
viscosity increases rapidly, and the rear-end resistance
force increases with it. So the flowage difference is very
big. The liquid flows forward through the front pores
between the Al,O; particles sequentially and fills the
moulding chamber. But the solid ALO; particles flow
more and more difficultly because of the front resistance
force. At last there are more Al,O; particles in the
fore-end of filling (point 1) and the content in the

posterior part decreases greatly. And then the content
increases with the increasing distance to the filling
fore-end. Finally a large number of Al,O; particles
deposit at the bottom (point 4) of the cup shell which is
far from the filling fore-end.

Tab.2 Degree of hardness of cup shell in different positions

Forming Hardness(Hv)
speed/(mm's ™) poing | Point 2 Point 3 Point 4
5 96.2 75.0 752 1442
30 149.8 130.1 147.5 170.0

At the same time it can be seen that the hardness
value increases with the increasing forming speed and
the differences between different points reduce. This is
mainly because with the increasing forming speed, the
influence of temperature gradient on the billets reduces;
the viscosity of liquid aluminum increases slowly and the
filling speed of the billets is fast. It resembles the metal
semi-solid process. Namely the degree of segregation
reduces with the increasing forming speed[12-06].

3.3 Tough strength of cup shell

The tough strengths of the cup shells whose forming
speed was 30 mm/s at six forming temperatures were
measured by a three-point bending test. It was sampled
from the cup shells which were prepared at 750, 800, 850,
900, 950 and 1 000 C, respectively. The samples were
rectangle and the span was 30 mm. The sample size was
36 mmx3 mmx4 mm. The surface roughness was less
than 0.8 pum. This test was operated on an Instron
standard testing machine at a speed of 0.5 mm/min.

The curves between the tough strength(c) and the
flexivity (f) are shown in Fig.5 and Fig.6 at different tem-
peratures.

From the results it shows that the curves at different
temperatures are with certain regularity. They all keep

700f 1—1000C L
2—950C e
600F 3—900°C 4
4—850C s
500 5—800°C 23
- 6—750C /6
£ 400} Vi
300}
4
200}
100}
0 0.1 02 03 04 05

fimm
Fig.5 Curves of tough strength—flexivity at different tempera-
tures
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Fig.6 Curve of flexure strength—temperature

Table 3 Main parameters of three-point bending test

Temperature/ Strength, Maximal flexivity,

C o,/MPa Snax/mm
750 516.3 0.392
800 538.1 0.388
850 564.3 0.382
900 596.7 0.427
950 630.1 0.457

1 000 679.0 0.498

two stages from flexibility and plasticity forming stage to
the fracture stage. And the stress reaches the maximal
tough strength and ruptures before the attenuation
tendency appears. It is a brittle fracture. From Table 3,
the maximal flexivity increases with the increase of
forming temperature. And with the
temperature, the increase of flexivity accelerates. So the
plasticity of the composite increases with the increase of
temperature.

The tough strength increases with the increase of
temperature. And it is with different regularities during
the two same temperature intervals. When the tem-
perature 1s higher than 900 °C, the increase speed
accelerates faster. This is mainly because that when the
temperature is higher than 900 °C, the wet ability
improves greatly.

increase of

4 Conclusions

1) It is feasible to form ceramic matrix composite
automobile piston cup shell by the pseudo-semi-solid
thixoforging technology under 1 000 C.

2) The tough strength and hardness are high, the
microstructure is homogeneous of Al/Al,O; ceramic

matrix composite by the pseudo-semi-solid thixoforging
technology, and the composite has certain plasticity
forming ability.

3) The forming temperature of ceramic matrix
composite pseudo-semi-solid thixoforging technology is
low. It can realize net shape forming and prepare
complex parts. And the pressure during the forming
process can remove the solidifying flaws of filled
bonding materials and obtain compact composite parts.
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