ISSN (1897-3310)
Volume 14
Issue 3/2014

ARCHIVES
of
FOUNDRY ENGINEERING

37 -42

AFE

Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences

Tribological Propertiesof AISI11-SIC,
Composite Castings Produced by Pressure
Die Casting M ethod

Z.Konopka*, A. Pasieka
Department of Foundry, @gtochowa University of Technology, Armii Krajowe$,142-200 Cgstochowa, Poland
*Corresponding author. E-mail address: konopka@weippl

Received 30.04.2014; accepted in revised form 13003}

Abstract

The measurement results concerning the abrasive @feAlSil1-SiC particles composites are presernitegpaper. The method of
preparing a composite slurry composed of AlSilbyalhatrix and 10, 20% vol.% of SiC particles, aslvasl the method of its high-
pressure die casting was described. Composite sy injected into metal mould of cold chamber gues die cast machine and
castings were produced at various values of thermigelocity in the second stage of injection, dbeeintensification pressure values, and
various injection gate width values. Very good amifi arrangement of SiC particles in volume composiatrix was observed and these
results were publicated early in this journal. Hiretics of abrasive wear and correlation with S&Btigles arrangement in composite
matrix were presented. Better wear resistance ofposite was observed in comparison with aluminiutoyalVery strong linear
correlation between abrasive wear and particlengament was observed. The conclusion gives thgsisalnd the interpretation of the
obtained results.
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Introducing larger volume fraction of particlesnmre beneficial
than increasing their size [5]. Significantly lesgtrix material
loss occur if there exist a strong bonding betwten ceramic
particles and the matrix. Frequently the pushingein hard

1. Introduction

The aluminium alloy matrix composites containingch&iC

particles offer very good tribological propertiexhk as very good
wear resistance and high coefficient of frictiome$e properties
depend largely on the uniformity distribution of rigees in

composite matrix, good bonding between reinforgiingise and
matrix as well as casting defects. Very good akeaproperties
can be obtained at high volume fraction, up to 3t®%ard SiC
particles but viscosity of composite suspensiornreiases and
fluidity is lost [1-3].

The rate of abrasive wear of composites grows hagidhe
hardness of abrading particles is by at least 2684atgr than the
hardness of the abraded surface [4]. Large andlanparticles
cause greater composite wear than the small antblenuones.
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particles e.g. silicon carbide into the soft aluitnin alloy matrix
is observed during the abrasion process. This phenon,
however, should not affect negatively the increagabrasion
resistance of composites. This process can firstllofesult in
matrix strengthening within microregions directleneath the
carbide. Such strengthened regions stop ceramiiclparfrom
being further pushed into the matrix [6,7]. Meclsams of wear
comprise also plastic flow and cracking. Increasimgterial
hardness would reduce the plastic flow, but them danger of

cracking can growThe fracture toughness should also be taken

into account while abrasive wear of composite nialteis

Issue 3/2014, 37-42 37



concerned. The high material hardness should beased with
the high fracture toughness to achieve a metalixnetmposite
of the best abrasion resistance. A dangerous phemmm
occurring in metal matrix composites during abrasie the
process of pullout of the reinforcing particles.résults mainly
from the interaction at the particle/matrix intedga This
phenomenon brings about the rapid increase in iabragar of
composites and can lead to the severe destructitmecabraded
surfaces.

Particulate reinforced metal matrix composites cha
effectively fabricated by pressure die casting méthThis
method has a few essential advantages in companighrother
technique. Uniform distribution of nonmetallic pales can be
achieved as a consequence very fast pouring, iegngxing in
a chamber of machine and higher cooling rates durin
solidification. In this conditions the effects ofuite poor
wettability and poor particle-matrix interfacial fding are less
important When the pressure die casting of comeaddlitrry is
used the heat release of die and risk of blownirggsproduction
are lower [8,9].

The factors limiting the application range of thighapressure
die casting technology include: high costs of tegl{pressure die
and consumable parts) and the production machpresgure die
casting machine, manipulators), the limited sizel areight of
pressure castings, the limited quantity of fouraltgys which can
be processed in this way.

The character of filling the die cavity with moltemetal
depends on the die cavity shape, the type of appliessing unit
and the assumed casting parameters, and is dedisivéhe
quality of castings. In modern high-pressure digting machines
the piston velocity in the sleeve is varied durihg injection
cycle in order to reduce or eliminate gas entragrrethe system
and to decrease the porosity of castings. Thregestaf piston
action are distinguished as a standard, but therelao systems
with a continuous change of piston velocity. Theib@arameters
of pressure die casting with regard to metal matorposites,
i.e. the injection speed, the filling time, and thgction pressure,
are calculated according to the appropriate formula

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 reinfgrgbhase
particles, as well as by their distribution withime matrix. The
particles of the reinforcing phase can be distadusiniformly or
non-uniformly; in this latter case they occupy théergranular
regions in most disadvantageous way. The distobupattern
depends on the quality of the produced suspena®mell as on
the casting technology and conditions under whiclcaating
solidifies in the die. The quantitative determinatiof reinforcing
phase distribution within the matrix allows to deri the
functional, analytical relationships between therucural
parameters and the properties of a casting [10-12].

2. Material and methodology

prepared slurries contained 10 and 20 vol. % ofréieforcing

phase. The laboratory stand used for its preparatas equipped
with the resistance heating furnace with a cruciflabout 25 kg
capacity, and the turbomixer of 0.25 m diametehvatur blades
inclined at 45°. The turbomixer rotor was placedalix in the

crucible, at a distance of one third of the melighe from the

bottom of crucible. The rotor, made of the WNLV ddtewas

covered with the protective coating to ensure thghomixing of

the whole liquid phase volume and the relativelygldifespan of
the mixer itself. The whole mixing system was camngtied in

such a way that the furnace could be closed aftgling all

components to the crucible. The mixing time wasis, and the
angular velocity of the rotor was fixed at the lewé 500 rpm.

The suspension was injected into a test die by meéthe cold
chamber horizontal pressure die casting machinel.6f MN

clamping force.

The machine equipped with the pressure multiplicati
system allowed for controlling the intensificatipressure up to
the value of the clamping force reduced by thetgafenge. The
injection parameters were measured by means of RN -
sensors made by EMTEC Company. The following valuesew
constant during the process: the diameter of prgsgiston
d¢ = 40 mm, the piston velocity in the first stage iofection
Vie = 0.3 m/s, the degree of shot sleeve filling (60%je
clamping force N=1.6 MN, the suspension temperature
(650°C), the die temperature (300°C).

The examinations were performed according to thig®e of
design of experiment, where the variable factoreewthe piston
velocity in the second stage of injection vtaking the values of
1.2 or 3.6 m/s, the intensification pressurg,)(pbeing 20 or
40 MPa, and the gate width,jdequal to 1.5 or 3 mm.

Examination of tribological properties for the puoed
composites has been performed by means of a Ti@&dgical
tester. This testing device is intended for exanginabrasion
resistance of metals and plastics and for examiihgeizing
resistance of low friction coatings. Fig. 1 scheoaly illustrates
the principle of operation of the T-05 wear tester.

4

IS

Fig. 1. Principle of operation of the T-05 tester; specimen,
2 — counter surface, 3 — spherical pivot, 4 — spenifixture,
5 — tensometric bridge

Examination has been done by measuring the coneposit
specimen mass loss corresponding to the specifest wath at
the following characteristic parameters: specimaad|— 50 N,
total wear path — 3630 m, motion type — slidinghwitonstant

The composite suspension was prepared by mechanicalg|ocity of 0,4 m/s, specimen type—flat cubicoidecimen of

mixing of the aluminium-silicon foundry alloy AISI1(EN AC-
44000) and 98C silicon carbide of particle size D0-gm. The
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ARCHIVES of FOUNDRY ENGINEERING Volume 14,

dimensions 10.00x15.75x6.35 mm with concentrateatam
area.
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Measurements have been taken after everym of wear
path during first stage of sliding to examine pseby the kinecs
of abrasion and 66 during final stage of sliding. The weight
specimens has been determined by means of a labostales
with 0.00001 g accuracgomposite casting was shown in | 2.

Fig. 2.Composite castings for mechaniand tribological
investigations

The parameters of pressure die casting of comx
according to the2type of design of experiment were presente
Table 1.First serie of experiments was designed as-10.8 for
composites containing 10% SiC particlesdasecond serie
20.1-20.8for composite containing 20% SiC partic.

Table 1.
Parameters of pressure die castifigomposite
vV d
No. of exp. (m/s] [I\/Fl)llga] [mm]
1 2 3 4
1 1.2 20 1.5
2 1.2 40 3.0
3 1.2 20 3.0
4 1.2 40 1.5
5 3.6 40 3.0
6 3.6 20 15
7 3.6 40 1.5
8 3.6 20 3.0

3. Results of investigation

Examples of reinforcing particles arrangement imposite
matrix were presented in Fig. 3, 4 and Fig. 5.

P g " e e Y
‘.4”" ’{_'\ ..‘ .
s g @f 9O D
”n iy Sty T 2
‘o - P e 9 Qg
0.0 o5 USage % "R en
.- - Sl = 4 ¢ . .8
v' o - .“ Ces ‘. ’r' o- ,|
‘ ey > e \.9’ o P |
e e Pe@. ‘__".
.~ oY 4 B “@ . &
3 ...

Fig. 3.ArrangemTant of SiC.particIes i composite'ma
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in composite matrix (AlSi11/20 vol.% SiC, experimeiat 20.3

The distribution of SiC particles in composites xemplified
for the extreme values of indexwhich is calculated as ratio
standard deviationfahe average quantity of particles over
unit surface area and the average quantity of ghestiover the
unit surface area [m'rzrj.

Thev index assumes the values from 0 to 1. The zenae
identifies the distribution as the uniform one,oalsalled he
complete spatial random (CSR) distribution, the vabfel
identifies it as the nomnniform one, als called clustering
distribution [13].

Figure 5 shows clustering of SiC particles formedirdy
composite slurry fabricationThe main problem in achieng the
uniform arrangement of ceramic particles in theahetatrix is
that there occur difficulties in obtaining properniding betweel
metal matrix and the particles because the latter @oorly
wettable by liquid metal. The wettability of commons cn be
improved by surface preparation of particles orliguid metal
modification. The nomniform arrangement of reinforcir
particles in the matrix can be caused by sinkingrdor floating
up of the particles during composite flow. Freqlersuch &
phenomenon occurs during gravity casting of compc
suspensions. The arrangement of particles is alffsoenced by
the crystallization process, during which the pied can b
engulfed or pushed out by the moving crystallizatfront what
finally resuls in placing them within interdendritic areas. Cera
particles cause the increase in viscosity of tbeifig liquid sc
the problem of proper filling of the mould or diavity arise. The
strongly turbulent flow through the gating systeesuits in
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intensive suspension mixing, what accompanied byckqu
solidification in the metal die promotes the unifodistribution of
reinforcing particles within the volume of matrix.

The results of the abrasive wear of examined coitgmwsere
presented in Table 2.

Table 2.

The abrasion wear of AISi11-Sj€omposites ‘g
No. of Mass loss, §0“ g on sliding distance, m o
exp " 7330 660 990 1650 2310 2970 3630 é
AlSill - 32 67 102 139 169 203 242 £

10.1 032 9 18 32 70 99 128 154
10.2 067 14 26 43 70 100 128 155
10.3 087 19 38 58 100 137 163 187
10.4 0.27 13 30 38 66 95 117 151
105 029 10 24 31 39 95 125 149

10.6 0.25 11 20 32 62 88 113 143 distance of sliding, m
107 019 13 26 40 64 100 121 142 Fig. 6. The abrasion wear of AlSi11/10 vol.% Si@npmsite
108 028 17 31 48 83 110 133 153 e e R Al R i iesotaited
| | | | | | |
201 028 9 38 27 69 94 112 128 L e A
202 047 20 29 39 65 8 105 131 e e
203 065 12 22 28 48 72 98 122 e i e 4 B R
| | | | | | |
204 026 21 35 49 74 103 120 127 e A
205 018 13 28 43 63 81 89 99 o N (O
X 140 + - - -l ——d - —— 4 gl k- — -l —— d— — —45q 3|
20.6 020 14 27 44 63 82 91 102 @ | | \ |
L __JA__L1______ l_ __ 1___1 _ |
207 015 12 20 23 36 48 62 74 g o | |
© 100 —+ - - — - — — O
20.8 0.23 18 30 46 63 83 101 118 £l | T :
80 — - - —i- - 20.7_,
| |
The kinetics of abrasion wear examples for composit 60 - -/l Tt
castings obtained in extremally different pressdie casting 40— - fio T T R —
conditions were presented in Fig. 6 and 7. \ \ \ \
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Fig. 7. The abrasion wear of AlSi11/20 vol.% Si@npmsite
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Dependance between SiC particles arrangement in agitap

a result of partial solidification of alloy afteonmetallic particles

matrix (indexv) and mass loss of samples during sliding test was addition. The composite suspension is poured effi s a variant

presented in Fig. 8
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Fig. 8. The dependence of the abrasive wear ol MG,
composite on reinforcing particle arrangement irtrixa

4. Conclusion

The properly selected parameters of productiomefAlSill-
SiC, composites have allowed for obtaining the compssitf the
expected structure (Figs 3 and 4). Exemplary micuctures of
examined composites show the uniform distributiérparticles
within the matrix volume, with neither particle sters, though
otherwise characteristic for particulate composites porosity,
nor non-metallic inclusions.

Examination of abrasion wear of the AlSil1l-Sikbmposites
containing different volume fraction of feinforcingarticles
confirms very strong dependance between castingnpeters,
composite structure and their tribological progertComposites
with AISi alloy matrix reinforced with hard, matah
strengthening SiC particles has proved to be réhlymaterials
of high wear resistance. Relationships illustrated~ig. 5 have
allowed for stating that composites of AlSill alloginforced
with silicon carbide exhibit less abrasion weamthize examined
pure AISi11 matrix alloy. It has been also obsertteat the less
abrasion wear occurs when the percentage of silicanbide
increases.

Very good wear resistance of examined compositesltee
from the influence of SiC particles on the compokdedness. For
example the addition of 10 vol. % SiC has causedrtrase in
hardness by about 20%. It can be generally stated the
hardness decreases with an increase of the abrasam

In case of the pressure casting of compositegivssible also
to use the characteristic positive properties ofnposite
suspension that is a rheocast structure. Thistateics created as
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of casting in the liquid-solid state. Filling of\ty die can take
place considerably more freely, what remedieséahmg$ of i form
ventilation to this degree, that of castings makimithout gas
porosity is possible. Such situation required afyéarunners
application, reduction of injection velocity andcirase of
intensification pressure, that caeffectively influence on
solidification of casting and his high condensiige receipt of
the correct casting contacts thus with optimizatiérparameters
of casting of such composite reinforced differeatticles.

The analysis of composite microstructures shows the
uniformity of the reinforcing phase distribution svandeed
influenced by the variable parameters of castiracgss. It was
noticed that the low values of parameters suppernon-uniform
arrangement or even dgeneration of particle clusiersthe
composite suspension.

A strong influence of both the piston velocity imetsecond
stage of injection and the intensification pressume the
distribution of particles within the metal matrixas/observed. An
increase in each of these parameters results imthease in the
uniformity of distribution of the SiC particles ihg matrix. The
influence of gate width is of minor significance r fahe
improvement of the uniformity of reinforcing phadistribution.

The combined influence of piston velocity at thagst of die
filling and of the gate width (or its cross-sectibrmrea) 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 courgxafinations.
The influence of the injection rate on the indexdadtribution of
SIiC patrticles in composites was confirmed.

The abrasion wear of composites depends on unifprmi
arrangement of SiC particles in composite matrix antime
fraction of these particles. Abrasion wear of AlBill0%SiC with
non uniform arrangement of reinorcing phase0(87) was 19%
lower in comparison with AISi1l alloy and about 428wer for
composites with uniform distribution of SiC partigl@=0.19).

Abrasion wear of AISi11-20%SiC with non uniform
arrangement of reinorcing phase=Q.65) was 34% lower in
comparison with AISill alloy and about 63% lowerr fo
composites with uniform distribution of SiC partiel@=0.15).
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