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Abstract

The work presents the investigation results coniegriihe structure of composite pressure die castivith AlSil1l alloy matrix reinforced
with SiC particles. Examination has been held fangosites containing 10 and 20 volume percent of&icicles. The arrangement of
the reinforcing particles within the matrix has bepialitatively assessed in specimens cut outeftstings. The index of distribution
was determined on the basis of particle count @mehtary measuring fields. The tensile strength,ytbld point and elongation of the
obtained composite were measur€bmposite castings were produced at various valfiglseopiston velocity in the second stage of
injection, diverse intensification pressure valwss] various injection gate width values. The regien equation describing the change of
the considered arrangement particles index and amécdl properties were found as a function of ttesgure die casting parameters. The
infuence of particle arrangement in composite matm mechanical properties these material was exainand the functions of
correlations between values were obtained. Thelgsion gives the analysis and the interpretatiothefobtained results.

Keywords: Pressure die casting, Metal matrix composites (MM&&)minium alloy, Structure, Mechanical properties

components, as well as for the reinforcement agamemt in the
composite volume, which in turn provides for aclvigvthe
demanded level of composite material properties.

1. Introduction

Metal matrix composites castings with reinforcingrticles

are usually produced using multi-stage technologiesre one of
stages consists in producing stable and uniform pomite
suspension which after matrix solidification turigally into a

composite.
suspension depends on a set of surface phenomenaing at
the interface between metal and the non-metallitighey such as
wetting, dipping, adhesion, chemical reactions, dalifflision.

They are decisive for the strength of bonding betwe

Production of stable and uniform composi

The main problem in achieving the uniform arrangeif
nonmetallic particles in the metal matrix is thatere occur
difficulties in obtaining proper bonding betweentatenatrix and
the particles because the latter are poorly wedthplliquid metal
[1,2]. The wettability of components can be imprb\®y surface
preparation of particles or by liquid metal modifion [3,4]. The
non-uniform arrangement of reinforcing particlestie matrix
can be caused by sinking down or floating up of plagticles
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during composite flow. Frequently such a phenomenocurs
during gravity casting of composite suspensiong ditangement
of particles is also influenced by the crystalliaat process,
during which the particles can be engulfed or pdshet by the
moving crystallization front what finally resulta placing them
within interdendritic areas [5,6]. Ceramic particleause the
increase in viscosity of the flowing liquid so tipeoblem of
proper filling of the mould or die cavity arise J.,

This disadvantageous phenomena can
eliminated by employing the pressure die castinghotk for
composite casting production. Then casting parasetan be
selected by controlling the injection speed, pressand the gate
thickness so as to achieve a sound casting comggieinforcing
particles uniformly distributed within the matrig][

Achieving the high quality of pressure casting defseon the
mechanism of filling the die cavity with molten rae{10]. The
way of cavity filling is in turn influenced by migie factors,
among which there are the shape and massivenassasfing, the
mass ratio between the casting and the die, ta@agement of the
runner and gating system, the shape and the ard¢heomain
sprue, the volume of the die cavity, the area &edatrangement
of air vents, the injection speed and pressure, &nel
intensification pressure [11, 12]. Filling of theednd subsequent
metal cooling and solidifying strongly depends achs physical
properties of cast alloy as its viscosity, solichfion range, latent
heat of solidification, density, thermal condudiyyiand metal
temperature, as well as on the die temperaturbeatroment of
pouring [13].

Casting of composites in the semi-solid state isibtes only
by means of the cold chamber diecasting machirexguse high
pressure can be applied during pouring operatidre Jtrongly
turbulent flow through the gating system resultsimtensive
suspension mixing, what accompanied by quick dadation in
the metal die promotes the uniform distribution refnforcing
particles within the volume of matrix.

The properties of composite materials depend on the

properties of their components, fractions of indial

constituents, their shape, and the bond strendthelea them, as
well as on the technology of final product. Theimadt
considerations indicate that the best propertiesamhieved by
metal matrix composites reinforced with continuofibre.

Introduction of particles into the metal matrix ates
wide-ranging possibilities of controlling thermathemical,
electric, and tribological properties.

Two characteristic  strengthening mechanisms
distinguished in particulate composites. One ofnthis the
dispersion strengthening mechanism, being realisdten
small particles, 0.01+1.am in diameter, are introduced and
uniformly distributed over the material volume. Hewer,
when the size of introduced particles exceedsu, the
character of their interaction with the matrix cgas and the
strengthening mechanism can be qualified as thdicpar
strengthening.

The mechanism of dispersion strengthening of masti
composite matrix consists in arresting the disliocatnovement
by means of the particles: the dislocation lingfiist bent by
a particle, then the dislocation loop is formedisTincreases the
yield point value the more the shorter is the agerdistance
between particles [14].
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The composite yield point value decreases parablias
a function of the average distance between pasticle. with the
reduction of reinforcing phase fraction. A compesit
strengthening is achieved when the average distheteeen
particles falls between 0.01 and @u3, which corresponds to the
volume fraction of the particlesp\&e 1+20% [15].

The main advantage of dispersion strengtheningotstime
increased strength at ambient temperature, buhitjte creeping

be practicallyresistance of the resulting material. Such compssitan retain

their improved mechanical properties up to the wEmajure of
about 80% of the melting point value [16].

As far as composites containing larger particlee ar
concerned, their ability to bear a load is enhaneedonly by
arresting of dislocation movement, but also by dbeurrence of
shearing and slipping inside the particles. Howevke yield
point value decreases with an increase in pasizie

As far as particulate cast composites are concertiesl
properties of castings are influenced most sigaifity by the
type, the size, and the percentage of the reinfgrgphase
particles, as well as by their distribution withtlne matrix. The
particles of the reinforcing phase can be distedutniformly or
non-uniformly; in this latter case they occupy theergranular
regions in most disadvantageous way. The distobupattern
depends on the quality of the produced suspena®mell as on
the casting technology and conditions under whichaating
solidifies in the die. The quantitative determinatof reinforcing
phase distribution within the matrix allows to derithe
functional, analytical relationships between therudtral
parameters and the properties of a casting [17].

2. Material and method of investigation

The commonly used AlSi1l (EN AC-44000) foundry wlluf
aluminium and silicon was selected for the comgosiatrix. Its
composition provides for good wettability of paltis, thus
enabling the introduction of silicon carbide inke tmatrix without
additional treatment or modification of the alldhe 98C silicon
carbide of particle size 71-1Q0n was applied in the experiment.
The prepared slurries contained 10 and 20 vol.% thodf
reinforcing phase.

The composite suspension was prepared by mechanical

mixing. The laboratory stand at which it was pregamwas
equipped with the resistance heating furnace wittruzible of
about 25 kg capacity, and the turbomixer of 0.28iameter with
four blades inclined at 45 degrees. The turbomiaor was
placed axially in the crucible, at a distance oé ¢inird of the melt
height from the bottom of crucible. The rotor, mad¢he WNLV
steel, was covered with the protective coating Wwhénsured
thorough mixing of the whole liquid phase volumedathe
relatively long lifespan of the mixer itself. Therplete mixing
system was constructed in such a way that it wasiple to close
the furnace after adding all components to the ibteic The
mixing time was equal to 15 min, and the anguldoaity of the
rotor was fixed at the level of 500 rpm. The susjpam was
injected into a test die on the cold chamber hatizlopressure die
casting machine of 1.6 MN clamping force.

The examination was performed according to théype of
design of experiment, where the variable factoreewthe piston
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velocity in the second stage of injection Xtaking the values of  parameters are presented in Table 1, while Tab#hn@®vs the
1.2 or 3.6 m/s, the intensification pressurg,)(pbeing 20 or values of standard deviations of these measurements
40 MPa, and the gate width,jdequal to 1.5 or 3 mm. A casting Taking into account the results shown in Tablesd 2, there
with specimens for castability and impact strertgits, as well as  were derived the regression equations describiagrifuence of
for measuring the mechanical properties was maturad in one pressure die casting parameters ontliedex and mechanical
injection cycle [181]. properties of the obtained composite castings.

The values of pressure and plunger velocity havenbe
recorded by means of the DMC 200 type sensors made bTabIe 1.
EMTEC Company. The following constant values havenbee
assumed for the experiments: the diameter of prgssiunger
d,=40mm, the constant plunger velocity in the firéhge of

The values of index and average values of mechanical properties
for individual tests of a given experiment

L . . . No. of v, P dW A% Rm Ro'z AC
injection 0.3 m/s, the degree of the cold chanfiimg is 60%, !
the area of castings with flow-offs and the gatisystem is exp. [m/s] [MPa] [mm] [MPa] [MPa] [%]
175 cnf in the die parting plane, the suspension tempesatu 1 2 3 4 > 6 7 8
(650°C), the die temperature (300°C) 10.1 1.2 20 1.5 0.62 229.4 213.0 1.44
The assessment of the distribution uniformity ofeth 102 12 40 30 037 2460 1964 141
reinforcing phase was done for the non-etched fogtalphic 103 1.2 20 3.0 087 2192 183.8 0.98
microsections taken from the tensile specimen steyal The 104 1.2 40 1.5 029 2758 2268 1.64
gxamined area was a cirgle of 10 mm diameter. Ramordigital 105 3.6 40 30 027 2812 2246 157
images of the whole microsection surfaces were ntake the 106 3.6 20 15 025 2762 2250 1.63

magnification 50x, then the images were mergedctieae an
integral image of the entire microsection. A squgrid 1x1 mm
were superimposed on the area to be measuredirgjutdnto 79
separate measuring fields. The reinforcing phastcles were

10.7 3.6 40 15 019 298.0 2356 191
10.8 3.6 20 30 028 2726 2186 1.45
201 12 20 15 0,28 2120 1858 0,29

counted for each of these unit fields in such a st the 202 12 40 30 047 2206 1848 0,20
particles crossing the right or the bottom edgehef field were 203 12 20 30 0,65 1886 189,2 0,14
excluded. The observations were performed by mesdnthe 204 1.2 40 15 0,26 2316 2168 0,37
OLYMPUS EPIPHOT optical microscope cooperating with 205 3.6 40 3.0 018 256,2 2238 0,25
a digital image recorder and the MULTISCAN computiata 206 36 20 15 020 2628 2178 041
analysis software tool. 207 36 40 15 0,15 2696 2252 0,47

Twenty five shots were performed for each machieing
corresponding to the specific point of the desifaxperiment, so
that 100 specimens for static tensile test werelyred. Such a
large number of castings was necessary in ordach@ve and to Table 2.
hold the thermal equilibrium of the die, so that ttastings were  Standard deviations of the measured values of amimed
made under stable and recurrent conditions. Theairodd composite

208 3.6 20 30 023 2524 2116 0,24

specimens did not require machining. No. of vy, Dt s S, Sem Sroo Sac
All mechanical parameters were determined duriegtémsile exp m/s MPa mm MPa MPa %
test performed according to the PN-EN 1SO 6892-102§tandard 1 2 3 2 5 6 7 3

by means of computer controlled Zwick 1488 tenwakger at the
following parameters: initial stress equal to 1 MReosshead
velocity of 7 mm/min, force capacity — 10 kN. Relevgraphs

101 1.2 20 15 0032 77 110 0,131
102 1.2 40 3.0 0.028 9,0 9.6 0,174

were recorded during the tensile tests. 1063 12 20 30 0045 138 122 0,085

The degree of uniformity of distribution of SiC pales 104 12 40 15 0021 101 88 0,252
within the volume of matrix was found on the baishev index, 105 3.6 40 30 0020 95 106 0,173
which can be calculated as a ratio of standardatiewi of the 10.6 3.6 20 1.5 0.022 7,4 6,0 0,231
average quantity of particles over the unit surfacea and the 10.7 3.6 40 15 0.016 59 6,6 0.112
average quantity of particles over the unit surfacea in mri 108 3.6 20 3.0 0.023 8.8 9,9 0,160
[18]. 201 12 20 15 0028 56 61 0,089

202 1.2 40 3.0 0.034 8,2 6,9 0,093
) ) . 203 12 20 30 0047 66 50 0,122
3. Results of investigation 204 12 40 15 0026 50 55 0,107

205 3.6 40 30 0.017 73 7,0 0,096

The average measurement results of 5 castings doh e 206 3.6 20 1.5 0.017 4,9 58 0,091
experiment concerning the arrangement of partigighin the 207 3.6 40 15 0.012 6,5 6,1 0,110
matrix of composite castings and average results 100 208 36 20 30 0029 77 68 0086
measurements concerning tensile strength, yieldhtpainit - - - - : . :
elongation of the examined composite for variousting
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These equations take the following form for codedependent

variables (x=v; X;=py and % =d,). To calculate the chosen
casting properties the +1, 0 or —1 should be pua aslues of

independent variables in suitable equation.

v1=0,39-0,14%-0,11%+0,06x%+0,09%X, 1)
v20=0,30-0,11%-0,04%+0,08%-0,06%X3-0,02%X5 2)
Rmi= 262,3 + 19,7x+ 12,9% - 7,5% (3)
Rio= 236,7 + 23,5x+ 7,8% - 7,3% (4)
Roz.16= 215.5+10.5%5.4%—9.6%5.3%X3 (5)
Ro2,20= 206,9 + 12,7x+ 5,8% — 4,5% (6)
As 1= 1.50 + 0.14x+ 0.13% — 0.15x% (7)
As»~0,30 + 0,04x+ 0,03% - 0,09% (8)

Significant non-linear effects of casting parametesn
arrangement of SiC particles in composite matrixengbserved
(eq. 1 and 2). The plunger velocity during secotages of
pressure die casting have stronger effect on coitepssucture
and mechanical properties in composites contairigo SiC
particles.

The linear aproximation of correlation between agement
of reinforcing particles SiC in matrix compositedcadated by
means of thevindex and mechanical properties of examined
copomposites were shown in Figs 1-3.
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Fig. 1. Linear approximation of correlatiorand R, for
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4. Conclusions

It was noticed that the low values of parameterpstt the
non-uniform distribution or even generation of et clusters in
the composite suspension (eq.1 and 2).

A strong influence of the piston velocity in theceed stage
of injection on the distribution of particles withihe metal matrix
is observed. An increase in each of these parasedsults in the
increase in the uniformity of distribution of théCSparticles in
the matrix. The influence of gate width is of mirggnificance
for the improvement of the uniformity of reinforgnphase
distribution. The obtained results point out ungqually to the
optimum parameters of pressure die casting for asitgs of this
type.

An increased piston velocity combined with the ietlgate
width also improved the uniformity of the reinfangi phase
distribution. This increase results from the fadt iotensive
mixing of the suspension in the gate and the réipidg of the
die with the prepared suspension. The intensiboagpressure
occurred to exert less significant influence on dmgformity of
distribution of the particles at the large valuek imjection
velocity, however — as far as the castings comgini0% of
reinforcement are concerned — the uniformity ackdewat high
intensification pressure and low injection veloaitgs better than
the one achieved for low intensification pressumd dow
injection speed.

The combined influence of piston velocity at thegst of die
filing and of the gate width (or its cross-sectbrarea) can be
expressed by the rate of the die filling (the itit rate). This
rate changed from 16 m/s to 96 m/s in the courgxafminations.

It results clearly from the derived equations tia piston
velocity in the second stage of injection influencenost
significantly the mechanical properties of comp®siastings. An
increase in the piston velocity during the mouldnfy and the
reduction of gate area (i.e. thinner gate) resulthe increase in
cavity filling rate. The increased injection rageaccompanied by
the increased tensile strength of composite castimgd the
largest increase corresponds to the injection spe&@ m/s.

High filling rates provide for intensive mixing ahe
slurry at the gate, thus promoting the uniform ritisttion of
reinforcing phase particles and improving the madw
properties of castings. However, attention showddphid to the
significance of intensification pressure for thepmavement of
mechanical properties of castings. The castingslymed under
the increased intensification pressure were cheriget by higher
strength than those which solidified under loweessure. It is
characteristic for the improvement that the higtemsification
pressure increased the density of castings byapaitimination or
compressing the unavoidable gas oclusions, thuzrging the
adhesion area at the metal/particle interface. Mie¢al injected
under high pressure and then subjected to inteasidn pressure
adheres tightly to the particle, filling its poraad enfolding its
projections, by the same contributing to the betést results
exhibited by specimens cast under the increasehsiitcation
pressure.

In the case of yield strength the most significaatameters
occurred to be the piston velocity in the secorgestof injection
and the gate width. The presence of reinforcingsphawers such
characteristics as yield strength and unit eloogatand casting
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parameters only slightly influence their values.eTimcreased
quantity of particles in the volume of a castingules in the
reduced unit elongation.

The AISill alloy used for the purpose of experimexttibits
unit elongation of about 3%. After the introductiohreinforcing
particles, however, the elongation was reduced &l &s an
average in composites with 10% SiC and significantelr in
composites with 20% SiC

The value of unit elongation was influenced, sinjlas R,
or Ry
Comparable absolute values of regression coeffiigaiicate the
equivalent power of affecting the results exhibited all three
considered parameters. Still, the most signifiazaturred to be
the gate width, then the piston velocity, and oftthen the
intensification pressure. Due to the presence dflébrceramic
particles the composite almost does not deformtiptdly, but
brittle cracks along the weak adhesive bonding eetwmetal and
ceramics.

The examinations allow to draw the following corsituns:

- application of the pressure die casting techmpldor
production of the AISi11/SiC composite castings \allo
modify the character of distribution of ceramic tpdes in
metal matrix within a wide range;

- parameters of the production process, i.e. th®p velocity
in the second stage of injection, the intensifmatpressure
and the gate width, exert the essential influencéhe type of
composite structure with respect to the distributf the
reinforcing phase particles; this distribution dae uniform,
non-uniform, or non-uniform with clusters;

-the increase in injection rate due to the increimseiston
velocity in the second stage of injection and theéuction of
gate area strongly promote the uniform distributioh
reinforcing particles within the volume of castings

-It results from the above diagram that for injentirates
exceeding 50 m/s there is no significant improvemnerthe
distribution of the reinforcing phase particlestlie matrix of
composite castings. (181)

- main parameters of production process, i.e. ts®p velocity
in the second stage of injection, the intensifmatpressure,
and the gate width, exert fundamental influence on
mechanical properties of composite castings;

- the measured values of mechanical propertieseo&kamined
composite are characterised by great uniformityusth
confirming the optimum proceeding of the slurry gaeation
and of the high-pressure die casting process. (184)
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