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BADANIE ODLEWANIA CISNIENIOWEGO KOMPOZYTOW NA OSNOWIE STOPU Al Z CZASTKAMI SiC

The purpose of the work is determining the optimum values of both the plunger velocity during the second stage of
injection and the intensification pressure applied in pressure die casting technology for aluminium alloy matrix composites
with SiC particles uniformly distributed in the volume of metal. The pressure die casting of composite consisting of EN
AC - 44000 alloy matrix reinforced with 10 or 20 vol. % of silicon carbide particles has been investigated. Production of
composite suspensions composed of the molten aluminium alloy and the solid SiC particles has been described. Casting has
been performed according to the factor design of experiment using the cold-chamber horizontal pressure die casting machine
at various intensification pressure values, equal to 10 or 20 MPa, and various plunger velocity values during the second phase
of injection, equal to 1.2 or 3.5 m/s. There have been cast tensile specimens of average wall thickness assumed equal to 7 mm.
The density of the pressure composite castings has been assumed as the quality indicator. The obtained density results for
the examined composites have allowed for determining the average porosity of the castings, which reflects both the filling
mechanism and air escape from the die cavity. Regression equations of the influence of casting parameters on density and
porosity of pressure composite castings have been derived. The statistical analysis has allowed for stating that the increase in
density for composites containing 10% of SiC is advantageously influenced by the plunger velocity, while the influence of
pressure has occurred to be negligible. On the contrary, the intensification pressure is significant for pressure die casting of
composite containing 20% of SiC particles. In turn, the results of porosity calculation have shown that the least porosity of
composite reinforced with 10% of SiC has been obtained for the largest values of the intensification pressure, and the plunger
velocity in the second phase has been of no significance. The porosity of composite castings with 20% of particles decrease in
a linear manner with an increase of the plunger speed and intensification pressure. Observations of composite structure have
revealed the uniform distribution of the particles in the matrix, what confirms the high effectiveness both of the suspension
production by the mechanical mixing method and of its pressure die casting.

Celem pracy jest ustalenie optymalnych wartosci predkosci tloka w II fazie i ci$nienia doprasowania dla technologii odle-
wania ci$nieniowego kompozytéw na osnowie stopéw aluminium z réwnomiernie rozmieszczonymi w calej objetosci czastkami
SiC. Badano cis$nieniowe odlewanie kompozytu na osnowie stopu EN AC — 44000 umocnionego 10 i 20% udziatem objeto-
Sciowym czastek weglika krzemu. Przedstawiono opis wytwarzania zawiesin kompozytowych ciekly stop aluminium-czastki
statle SiC. Odlewanie realizowano wedtug czynnikowego planu do§wiadczen na zimnokomorowej poziomej maszynie ci$nie-
niowej przy zmiennym cis$nieniu doprasowania wynoszacym 10 i 20 MPa oraz predkosci tloka w drugiej fazie réwnej 1.2
i 3.5 m/s. Wykonano odlewy prébek wytrzymatosciowych, dla ktérych przyjeto Srednig grubo$¢ Scianki 7 mm. Mierzono ge-
sto§¢ ci$nieniowych odlewéw kompozytowych, ktdra przyjeto jako wskaznik jakosci. Otrzymane wyniki gestosci dla badanych
kompozytéw umozliwily okre§lenie Sredniej porowatosci odlewdw, ktéra odzwierciedla mechanizm wypetniania i ewakuacje
powietrza z wneki formy. Wyznaczono réwnania regresji wplywu parametréw odlewania na gesto$¢ i porowatos$¢ ciSnienio-
wych odlewéw kompozytowych. Na podstawie analizy statystycznej stwierdzono, ze na wzrost gestosci kompozytéw z 10%
udzialem SiC dodatni wptyw wywiera predkos¢ tloka, a wplyw cisnienia okazal si¢ nieistotny. Natomiast dla kompozytu z
20% SiC znaczace przy odlewaniu ci$nieniowym jest zwigkszenie ci$nienia doprasowania. Z kolei wyniki obliczefi porowatosci
wykazaly, ze najmniejsza porowato$¢ kompozytu umocnionego 10% SiC otrzymano przy najwickszych warto$ciach ci$nienia
doprasowania, przy nieistotnym wplywie predkosci ttoka w II fazie. Porowato$¢ odlewéw kompozytowych z 20% udzialem
czastek SiC liniowo spada ze wzrostem predkosci ttoka i ci$nienia doprasowania. Obserwacje struktury kompozytéw wykazaly
réwnomierne rozmieszczenie czastek w osnowie, co potwierdza wysoka efektywno$¢ wytwarzania zawiesiny metoda mieszania
mechanicznego i jej odlewania ciSnieniowego.
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1. Introduction

Production of aluminium alloy matrix composites
containing ceramic particles depends on many factors
concerned, on the one hand, in the process of suspension
making and in the casting technology on the other [1, 6,
8]. Most of known methods of producing the suspension
of aluminium alloy and ceramic particles use mechanical
mixing with simultaneous introducing the particles into
the molten metal [2, 3]. Suspension production is possi-
ble thanks to the good wettability of particles with the
molten metal and the occurring of radial-axial circula-
tion of liquid metal in the stirring vessel [4, 5]. Applica-
tion of both optimum angular velocity of the stirrer and
the proper mixing time provides for obtaining the uni-
form suspension. Composite suspension exhibits greater
viscosity and lower castability as compared with liquid
aluminium alloy, what distinctly changes the die filling
conditions. Many factors influence the die cavity filling,
among them viscosity, surface tension, gas and oxide
content, thermal and physical properties of the die, as
well as the system temperature [11, 12, 13]. The pres-
ence of solid particles affects the composite crystalliza-
tion process by their contribution both to the nucleation
process and to the crystallization front movement, thus
hindering the die filling at the assumption of low cooling
rate. Ceramic particles can float up or sink down during
flow due to the difference between specific weight of the
particles and the matrix, what leads to segregation and by
the same to the deterioration of casting properties [7, 8].
These disadvantageous phenomena does not occur if the
cooling and solidification rates are high. One of the basic
conditions of obtaining the composite of good quality is
uniform distribution of the reinforcement in the whole
volume of matrix [8, 9]. Aluminium alloys reinforced
with silicon carbide particles form composite systems of
high strength and tribological properties, what puts them
among modern materials of special properties [6, 10].
Due to the high viscosity of composite suspension and
difficult conditions of die filling, the preferred method of
their casting are those which use the forced die filling.
Here pressure die casting should be mentioned as the
possibly most useful method [14, 15]. The high pressure
die casting of particulate composite materials fulfils re-
quirements of forced die cavity filling and quick cooling
and solidifying of a casting.

Pressure casting causes intensive mixing of compos-
ite suspension due to the high velocity of metal in the
runner and the die cavity, thus promoting the uniform
distribution of the reinforcing phase within the compos-
ite matrix [16, 17, 18]. The process of filling the die
cavity with liquid metal depends on the type of applied
pressing unit and casting parameters and is decisive for

the quality of castings. Thanks to the high filling rate
this technology allows for achieving the thin-walled and
greatly complicated objects of a quite good dimensional
accuracy. The fine grain structure of pressure castings
improve their mechanical properties as compared with
those of sand cast items [20, 21]. Applying of compos-
ite pressure die casting allows also for taking advantage
of a characteristic property of 'rheocast’ structure aris-
ing within composite suspension as a result of partial
solidification of the alloy after introducing the particles.
Composite suspension casting can be then considered
as a type of thixsotropic casting. Additionally, the high
smoothness of the surface of such castings often elimi-
nates machining and surface cleaning, what is of special
importance in the case of composites, usually containing
hard and non-machinable reinforcing particles [19, 22].

2. Methodics and the results of investigations

The experiments have been carried out for compos-
ite material with EN AC-44000 aluminium alloy matrix
(according to PN — EN 1706 Standard) of the following
chemical composition 10-11.8% Si, 0.19% Fe, 0.05%
Cu, 0.1% Mn, 0.45% Mg, 0.07% Zn, 0.15% Ti. This
alloy has been reinforced with 10 or 20 volume percent
of SiC particles of 100 um size. Composites have been
produced by mechanical mixing of the liquid matrix with
a stirrer and simultaneous introducing the powdered re-
inforcing phase at the temperature of 950 K, the angular
velocity of the stirrer equal to 0.5 s~!, and the mixing
time of 10 min. The obtained suspension has been pres-
sure cast from the 923 K temperature using the horizon-
tal cold chamber die casting machine with the clamping
force equal to 200 MN. Composites have been cast into
the experimental die, receiving tensile specimens with
the average wall thickness of 7 mm. The specimens have
been examined by means of the optical microscope to
assess their structure and distribution of the particles in
the matrix.

The examinations have dealt with the influence of
two variable parameters of pressure casting process on
density and porosity of the obtained composite. It has
been assumed that the die cavity filling will proceed
at various values of the plunger velocity in the second
phase of injection, namely 1.2 or 3.5 m/s, and the various
values of the intensification pressure in the third stage of
the process, which have been assumed as 10 or 20 MPa.
Experiments have been carried out according to the fac-
tor design of extreme experiment of the 2% type [23,
24]. For each experiment 5 die cavity fillings have been
performed, what gives a total of 20 castings to be exam-
ined. The investigated values have been recorded versus
time during the casting process. The injection parame-



ters have been measured with DMC 200 system sensors
made by EMTEC. The density measurements have been
carried out by weighing. The obtained density results
have allowed also for determining the average porosity
for the investigated composites containing both 10 and
20 percent of SiC particles. The porosity value has been
calculated on the basis of the theoretical density value
derived from the mixing rule for given composites and
the actual density obtained from the measurements, as
a ratio of the difference between theoretical and actual
density and theoretical density [20, 21]. The theoretical
density for EN AC-44000 alloy containing 10% of SiC
equals to 2705 kg/m® and for the same alloy containing
20% of SiC it increases to 2760 kg/m?.

The obtained results have been statistically analysed
and the regression equations describing the investigated
factor domain have been derived [24, 25]. The regres-
sion equations, being mathematical models describing
the influence of the plunger velocity and the intensi-
fication pressure on the density of composite castings,
are the result of the initial stage of pressure die casting
optimisation for composite materials. The experimental
design matrix along with the average density and poros-
ity values calculated from five composite samples each,
as well as the calculated variances of results for given
experiments are presented in Table.

TABLE
The design matrix along with density p and porosity K values

v[m/s] | p[MPa] | pkg/m’ | S} | K, % S¥
+ 1.2 10 2652 192 | 1.95 | 2.63
g9
32| 12 20 2655 | 20 | 1.84 | 027
Q S
> - 3.5 10 2673 15 1.18 0.04
[8a)
3.5 20 2685 143 0.73 0.17
+ 1.2 10 2652 192 1.95 2.63
g9
32 12 20 2655 | 20 | 1.84 | 027
O
o
<
> 3.5 10 2673 15 1.18 0.04
m
3.5 20 2685 143 0.73 0.17

The regression equation for the investigated domain
have been received from the statistic analysis of the re-
sults. For the EN AC-44000 alloy/10% SiC composite
density pjo the following regression equation has been
derived:

P10 = 2640.2 + 11.09 v, (1)

where v is the plunger velocity in m/s.
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In turn, for the EN AC-44000 alloy/20% SiC com-
posite density p,o the regression equation takes the form:

P20 = 248921 - 14.17 p+ 6587 v—-439vp, (2)

where p is the intensification pressure in MPa.

The executed statistic analysis has revealed that dur-
ing the pressure die casting of the composites reinforced
with 10% of SiC volume fraction the intensification pres-
sure has a non-significant influence for obtaining the
optimum density of the composite, while the plunger
velocity is here a significant parameter. On the contrary,
for the EN AC-44000 alloy + 20% SiC composite, where
the reinforcing phase fraction is much greater, the sig-
nificant parameters for obtaining the best density of the
composite are the plunger velocity and the intensification
pressure.

The analysis of experimental results has shown that
for the samples cast of the composite with 10% fraction
of reinforcement the lowest porosity has been achieved at
the greatest values of the intensification pressure and the
greatest plunger velocity. This porosity has been 0.7%
and it has been twice less than the porosity of composite
cast at a different set of parameters. However, for the in-
creased fraction of SiC particles the most advantageous
porosity, nearly one fourth of the value obtained for other
20% SiC composite specimens, has been achieved at the
largest intensification pressure, but the lowest plunger
velocity in the second stage of injection.

Two regression equations for the examined domain
has been formulated on the basis of the statistic analysis
of the significant results of porosity examination. For
the EN' AC-44000 alloy reinforced with 10% of SiC par-
ticles the following regression equation using uncoded
variables has been found:

Kijp=238-041v. 3)

In turn, the regression equation for the EN
AC-44000 alloy/20% SiC composite porosity Kjy oc-
curred to be dependent on both intensification pressure
and the plunger velocity in the second stage of injection:

K70 =9.80-0.51 p—-2.40 v+ 0.16 v p. “)

Graphic interpretation of the obtained mathematical
models for density (Formulae 1, 2) and porosity (Formu-
lae 3, 4) for the EN AC-44000 alloy + 10% or 20% SiC
composites is presented in Figures 1 and 2, respectively.
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Fig. 1. Change of density and porosity of the EN AC-44000 alloy
+ 10% SiC particles composite

ENAC - 44000 + 20% SiC
= 256825+89p(v=12ms)
p=2719.75-1.19p(v=35m’s)
- — K=693-032(v=12ms)
—  — - - K=143+005p(v=35m’s)

2760 —

2740 —

density [kg/m?]
[%] Aysosod

BN

2640 ‘ ‘ ‘ T B

\
12 14 16 18
intensification pressure [MPa]
Fig. 2. Change of density and porosity of the EN AC-44000 alloy
+ 20% SiC particles composite
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Microstructural examination of the investigated
composites has confirmed the almost uniform distribu-
tion of silicon carbide particles in the whole volume of
matrix. Figures 3 and 4 present the photographs of mi-
crostructures of the EN AC-44000 alloy + 10% or 20%
SiC composites at 25X magnification.

Fig. 3. Microstructure of the EN AC-44000 alloy + 10% SiC com-
posite (magn. 25x)

Y oo
&=

Fig. 4. Microstructure of the EN AC-44000 alloy + 20% SiC com-
posite (magn. 25X)

3. Conclusion

The applied technology of mixing and pressure cast-
ing has allowed for production of composites charac-
terised with uniformly distribution of particles in the
whole volume of matrix and low porosity. Realisation
of research work according to the assumed design of
experiment has enabled derivation of equations describ-
ing the influence of pressure die casting parameters on
composite density and porosity.

The performed statistic analysis of the composite
density results, as related to the two investigated param-
eters of pressure casting, gives a basis for stating that
during the EN AC-4000 alloy + 10% SiC composite
casting, when metal suspension viscosity is relatively
not so large, increasing of the plunger velocity in the
second stage of injection facilitates the die cavity filling.



Thanks to the high speed of metal in the runner and in
the die, the intensive mixing of suspension composite
occurs thus enabling the achievement of the reinforce-
ment uniform distribution within the volume of matrix.
The influence of the intensification pressure on the com-
posite density is not observed due to the quick cooling
of metal.

Casting of the composite of the increased viscosity
i.e. the one being reinforced with 20% fraction of SiC
particles proceeds in turn under the conditions of hin-
dered suspension flow. Increasing of the plunger velocity
is effective despite the significant resistance to flow. In
this case the influence of intensification pressure is ex-
posed because the die filling proceeds in the form of
suspension squeezing. This problem requires taking into
account the influence of the lap gate width on the die
cavity filling. Squeezing of the liquid-solid suspension
into the die cavity is improved with the intensification
pressure increase.

The obtained porosity results for composite contain-
ing 10% of SiC particles confirm the contribution of the
plunger velocity to the decrease of porosity, while there
is no influence of intensification pressure (Eq. 3). At the
plunger velocity of 3.5 m/s the porosity of castings is
twice less as compared with the castings made at the
plunger velocity of 1.2 m/s. Such a results is correlat-
ed with the density changes for this composite (Eq. 2).
Composites containing 20% of SiC particles exhibit dif-
ferent relationships between casting parameters and the
changes of density and porosity. In this case porosity of
the composite castings depends strongly of both plunger
velocity and the intensification pressure. The increase of
these parameters results in a linear drop of the porosity
of castings with a slight non-linear interaction. This qual-
itative difference between porosity and density changes
of porosity and can be however attributed to the assumed
definition of porosity and its calculation on the basis of
the density results, and not to the change of the influence
of casting parameters for this particular composite.
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