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Abstract: A new forming process, ceramic matrix composites thixoforming in pseudo-semtsolid state, was pro-

posed based on powder metallurgy technology combined with the semrsolid metal forming process. The satellite

angle-frames were prepared by this technology with Al, and SiC, materials mixed with different volume fractions. It

is proved that it is feasible for the forming of the ceramic matrix composites by this technology through metallo-

graphic analyses and tensile tests. The results also show that the microstructures of samples are homogeneous and

they have high hardness and certain plasticity.
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1 INTRODUCTION

It has great economic profit to exploit the uti-
lization of SiC ceramic material for its strength,
corrosion resistance

hardness, wear resistance,

and high temperature resistance, abundant re
source and low price. But the brittle character
greatly restricts its application in the field of engi-
neering structure materials. Recently a series of
ceramic matrix composites with eximious perform-
ance have been developed by reinforcing the matrix
material with other materials. Al/SiC is a late
model and representative SiC ceramic matrix com-
posite. It has very important practical application
value in the fields of mechanical wearresisting
parts and chemical corrosion resisting parts.

In the course of the ceramic matrix composites
preparation, many new technologies based on the
conventional ones have been developed, for exam-
ple, the slurry infiltration and mixing, CVI and
CVD. Most of particulate reinforced composites a-
dopt conventional technology which consists of
powder preparation, forming and sintering for rea-
son that the particulates need few or no special
treatments. The conventional PM technique has
many advantages ( saving metal and high productiv-
ity) and some disadvantages (additives and adhe-
sives have some adverse effects on the perform-

ances of parts and our health)'"?,

In this paper
we propose a new technology for ceramic matrix
composites —thixoforming of ceramic matrix com-
posites in pseudo-semtsolid state, based on the

PM technique combining with the semrsolid metal

process > " which develops rapidly recently, and

the development direction of the ceramic matrix
composites in the 21Ist century ( preparation of
slurry with low viscidity and high content of solid

11, 12
phase) '
of ceramic matrix composites.

. It breaks a new path for the forming

2 PHYSICAL MEANING AND MAIN CHARAC
TERS OF THIXOFORMING OF CERAMIC
MATRIX COMPOSITES IN PSEUDO-SEMF
SOLID STATE

Firstly the high-purity, superfine, homoge-
nously distributed metal and ceramics powders
with certain sizes were prepared by PM technology
without conglobation. Then the metal particles and
ceramic particles were mixed well proportioned in
order to regulate the fraction of reinforcements
Subsequently the billets
( generally bar stocks) with certain shapes and

(toughness) as well.
compact interior texture were prepared under cer
tain pressure based on the characters of semrsolid
metal process technology. Then the billets were
reheated to the temperature at which the matrix is
in solid state but the reinforcement ( plasticization)
is in liquid state. Finally these heated billets were
put into dies and the required work-pieces were
prepared under certain pressure. T his is the ceram-
ic matrix composites thixoforming in pseudo-semr
solid state( PSSP). Fig. 1 shows the texture char
acters of the semrsolid metal process and pseudo-
semrsolid process.

This technology combines with the characters
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Fig.1 Microstructure characters of semrsolid
metal forming (AF6. 6% Si) (a) and

pseudo-semrtsolid forming( b)

of PM and those of semrsolid metal process based
on the conventional ceramics forming technologies.
Its main characters are shown as follows:

1) It avoids the micro-holes along the inter-
faces prepared by pure PM technology because this
technology uses liquid metal as its plastification
and avoids the addition of some organic additives.
Thus the billets can be made by pressure directly
without sintering. It does not need degrease proce-
dure, which often produces some flaws because of
the addition of some agglomerants.

2) It can realize nearnet-shape forming and
prevent the billets from shrinking and reduce the
amount of machining. This process fills steadily
without turbulence and splash. At the same time
the forming temperature is low and the solidifica-
tion shrinkage is small, so the dimensional preci-
sion of parts is very high. It also reduces the
amount of machining greatly, leading to little or no
machining. So it saves the resources. T he solidifi-
cation time is shorter, and then helps to boost pro-
ductivity.

3) The flow
process( PSSP) declines notably compared with the

stress of pseudo semrsolid

conventional ceramic technologies, so the stamping
forging speed of PSSP is faster. And it can produce

very complicated parts.

3 EXPERIMENTAL

3.1 Materials

The raw material of toughness was 2A 12 alu-
minum alloy particles. The average grain size was
about 14 Pm and the chemical composition is shown

in T able 1.

Table 1 Chemical composition of
2A 12 aluminum alloy (mass fraction, %)

Cu Mg Mn Cr
3.84.9 1.2-1.8 0.3-0.9 <0.1
Fe /n Si Ti Al

<0.5 <0.25 <0.5 <0. 01 Bal.

The melting temperature range of 2A 12 deter-
mined by differential thermal analysis(DTA) was
from 505.4 Cto 638.3 C.

The matrix material was SiC particles. The
average size was about 14 Hm. And the perform-
ance parameters are shown in Table 2.

Table 2 Performance parameters of SiC particle

Elastic Density/ Linear expansion  Poisson
modulus/ GPa  (g*cem™')  coefficient/ K™ ratio
4007450  3.1873.20  4.30x10°° 0.17
3.2 Method

The ceramic matrix satellite angle frames were
manufactured by thixoforming in pseudo-semrsolid
state with 2A 12 and SiC. The volume fractions of
2A 12 and SiC, were 3. 7, 2: 3, 1:
flow chart consisted of pretreatment of SiC,, mix-
ing of 2A 12 and SiC,, densification and thixoform-
ing in pseudo-semrsolid state.

3.2.1 Pretreatment of SiC

In order to reduce the influences of impurities
in SiC in the test, the material should be purified
with HCI”™ . The flowchart consisted of mixing of
diluted HCI and SiC,,
washing, drying to remove HCl and moisture.
3.2.2 Surface treatment of SiC

During pseudo-semrsolid thixoforming, 2A12

1. The main

multiple deposition and

aluminum alloy was in liquid state and SiC grains
contacted with the molten aluminum alloy inevita-
bly. In order to improve the wettability between
liquid aluminum alloy particles and SiC ones, and
prevent the harmful brittle phase AlsCs generated
on the interfaces of the composite materials, the
SiC particles were pretreated by high temperature
pretreatment. At high temperature, the SiC parti-
cles would react with the Oz to form SiO2 thin coat
outside. In fact when the SiC particles contacted
with the melted aluminum alloy, it was the SiO»
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coat contacting with the melted aluminum alloy di
rectly. The studies of Salvo et al indicated that the
Si02 could react with the Al, Mg in the liquid alloy
at high temperature.

3Si02(s) + 4A1(1) 7 2A10s(s) + 3Si (1)

SiO2(s) + 2Mg(1) ™ 2MgO(s) + Si(]) (2)

2Si02(s) + 2A1()+ Mg(h)—

MgAle4(S)+ ZSi( S) (3)

Because of the abovt reactions, the wettability
between the liquid aluminum alloy and the SiC par-
ticles were improved further. At the same time, it
could prevent the SiC particles contacting with the
molten aluminum alloy directly to form the harmful
brittle phase ALCs'"”'. At the same time 02, CO:
and CO adsorbed on the surface of the SiC, could
also be removed by the treatment and the wettabil-
ity was improved ",

The preheating technology was selected as
follows: the SiC particles were baked at 800 C for
1 h and then held at 300 C for about 3 h. At last
the SiC and 2A 12 were mixed in drum mixer and
homogenized by chromeplated balls.

3. 2. 3  Pretreatment of 2A12 aluminum alloy
pow ders

While exposed to the air, the surface of 2A 12
aluminum alloy powders adsorbed a lot of water in
the physical and chemical ways. So 2A12 alumi-
num alloy should be degassed in vacuum. The pa-
rameters are selected as follows: the degree of vac
uum is about 10°* Pa, temperature is about 450
C, time is about 1.5 h.

3.2.4 Densification

Considering the simplicity and practicality of
the operation, the device was chosen to compress
in bidirection in order to reduce the nonuniformity
of density caused by the friction force in the densi-
fication under pressure at room temperature. The
inner wall of the mould was daubed with lubricant
to meet the better compacting conditions and ob-
tain the ideal compact billets. Fig. 2 shows the
microstructure of central section of the compacted

Fig. 2

Inner mirostructure of compacted billets

billets. It is shown that the internal microstructure
is homogeneous, the black part is SiC particles and
the white part is 2A 12 aluminium alloy.
3.2.5 Thixoforming in pseudo-semrsolid state
The material used was the compacted billets
which had been made into d 54 mm cylinder with
Al,/SiC; and the volume fractions of 2A12 were
30% , 40% and 50% respectively. Firstly, the bil-
lets were heated to 640 C in the electric resistance
furnace, then were held for about 10 min to make
the 2A 12 aluminium alloy billets melt completely.
After that, the satellite angle-frames were formed
in the preheated moulds under the pressure of 700
MPa with the billets. The thixoforming adopted
2 000 kN hydraulic press and the prepared satellite
angle frame was shown in Fig. 3.

Fig. 3 Satellite angle-frames sample

4 RESULTS AND ANALYSES

4.1 Microstructure

Fig. 4 shows the microstructures of the middle
part of the samples whose volume fractions of
2A12 are 50%, 40%, 30%, respectively. It is
found that the distributions of SiC particles in the
samples are quite homogeneous, and molten 2A 12
aluminium alloy is surrounded by the SiC particles.
The bonding between particles is excellent. At
high temperature the molten liquid 2A12 contacts
with SiC tightly under certain pressure. So the mi-
crostructures are much denser than those by con-
ventional PM sintering technology. But from these
microstructures a few loose textures and shrinkage
cavities can be found. Because the dwell time was
too short and the liquid phase in the materials had
not solidified completely after pressure maintai-
ning, subsequently the liquid phase solidified with-
out pressure.

The Al fraction has some influence on the per-
formances. The thixotropy of the samples increa-
ses with the fraction of Al increasing and the flaws
in the samples decline. But these flaws can be re-
duced by increasing temperature.

4.2 Tensile test

T he tensile samples were cut from the satellite
angle-frames by linear cutting machine. The ten-
sile test was performed at Instron standard testing
machine. Fig.5 shows the size of the tensile sam-
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Fig 4 Microstructures of satellite angle frames
(a) —50% A1,/ SiC,; (b) —40% AL,/ SiC,;
(¢) —30% Al,/SiC,
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Fig.5 Size of tensile sample(unit: mm)

ples.

Fig. 6 shows the tensile strengths and the true
strains of samples with 50% Al,/SiC,, 40% Al,/
SiCp, 30% A1,/ SiC, respectively. With the increase
of Al fraction, the tensile strength decreases. T his
is because that Al is the plasticization phase in the
samples and SiC is the reinforcement. So with the
increase of Al fraction the ductility increases. It is
also indicated that with the increase of Al fraction
the true strain of the sample increases and the
maximum strain capacity reaches about 1. 1. It is
shown that the ceramic matrix composites have
certain plasticity prepared by this technology. The

micro cracks and flaws have great influence on the
tensile strength of the samples.
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Fig. 6 Variations of tensile strength and true
strain of angle-frames with volume fraction of Al

Only when the temperature is over 1 000 C

-1
, the com-

and the strain rate is less than 10" * s
mon ceramics matrix composites have certain plas-
ticity!" . While Fig. 6 shows that the sample of
satellite angle frame which contains 30% volume
fraction of aluminum alloy prepared by thixoform-
ing in pseudo-semrisolid state has certain plasticity
at the room temperature, the strain is about 0. 5
and the tensile strength is about 300 M Pa.

One of the main reasons why the samples tend
to emerge crack and brittle failure under loads is
that the ceramics are brittle materials with many
cracks and flaws. At the same time the compres-
sion and impact in micro ranges could cause dama-
ges and micro cracks. The ceramic matrix compos-
ites are sensitive to the cracks and flaws. So it cau-
ses great difficulty on the precise measurement of
the ceramic matrix composites performances. The
surface finish quality has great influence on the re-
sult of tensile performance test.

4.3 Hardness test

The Vickers hardness of four samples (No. 1
and No. 2 are cut from the center section and No. 3
and No. 4 are cut from the limbic section) is meas-
ured. The results are shown in T able 3.

It is indicated that the average hardness of an

Table 3 Hardness of satellite angle-frame
samples ( GPa)

Volume fraction No.1 No.2 No.3 No.4

SiCp+ 30%2A12(3: 7) 6.30 6.27 6.43 5.96
SiCp+ 40%2A12(2: 3) 6.25 6.03 5.87 5.72
SiCp+ 50%2A12(1: 1) 5.98 5.92 5.87 5.67




* 1066

Trans. Nonferrous Met. Soc. China

Oct. 2005

gle frame is high and that of the sample with 30%
Al,/ SiC; reaches about 6. 43 GPa. As the fraction

of Al increases the Vickers hardness of the samples

declines. This is mainly because that the fraction

of Al changes the ductility of the materials.

S CONCLUSIONS

1) A thixoforming process of ceramic matrix

composites in pseudo-semrsolid state based on

semi solid metal process and powder metallurgy

was proposed.

2) The microstructure of the ceramic matrix

composites prepared by this technology with Al/

SiC is homogeneous, the hardness is high and the

tensile strength is high. And the ceramic matrix

composites with A1/SiC has certain plasticity.
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