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Abstract

The presented work deals with the influence ofdtldition of soft graphite particles on the abrasiar of composite reinforced with
hard SiC particles. The discussed hybrid composier® produced by stirring the liquid alloy and sitaneous adding the mixture of
particles. The adequately prepared suspension rea#ygcast into a metal die. Both the compositeicgs obtained in this way and the
comparative castings produced of the pure mattoy alere examined for the abrasive wear behaviBhotomacrographs of the sliding
surfaces of the examined composites were takenakodthe hardness measurements were carriedtoaudslfound that even a small
addition of G, particles influences positively the tribologicaloperties of the examined composite materials,gototg the abraded
surface from the destructive action of silicon éelparticles. The work presents also the restiltamness measurements which confirm
that the composite material hardness increasesanithcrease in the volume fraction of hard reicifoy particles.

Keywords: Composites, Abrasive wear, Hard SiC particles, Ggfparticles, Hardness of composite materials

with low abrasive wear and the high coefficientfiaétion, the
second one is constituted by the composites with dbrasive
wear and the low coefficient of friction. The firgroup is
composed of materials reinforced with hard parsicle.qg.
carbides, nitrides, or oxides, while the second oassists of
composites reinforced with soft particles, suctgesphite, mica

1. Introduction

During recent years, much attention is paid to rimsearch
work directed towards the development of new mal®riof
improved functional properties. Metal matrix comipes

reinforced with ceramic particles are beyond dowithin this
class. These materials are, in the first placeracierised by the
advantageous tribological properties [1,2]. Siree introduction
of ceramic particles into various alloys generdiyferiorates their
mechanical properties, mainly plasticity, the engihas put on
some other material features, including the broaskibilities of
wear rate reduction and the improvement of tribwalg
properties [3,4].

Two groups of the abrasion
distinguished in scientific literature, depending the type of
matrix and reinforcement [5,6]: the first one irdi$ composites

resistant composites are

or lead.

The kinetics of wear of the metal matrix composidepends
on their hardness. Scientific reports inform thne &brasive wear
rate of metal matrix composites grows rapidly i thardness of
abrading particles is at least 20% greater tharh#iidness of the
abraded surface [7]. Large particles of irregulzae and sharp
edges make the wear process faster than small aunaded
particles [3]. It is also reported that, in the ead metal matrix
composites, the more effective solution for thewate reduction
is an introduction of greater number of small reining particles
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rather than increasing their size [8,9]. The prhpeeveloped,
strong bond between the particle and the matrocusial for the
abrasive wear resistance of metal matrix compositerials.
A phenomenon of pushing the hard particles, e.g, 8ito the
soft matrix, e.g. aluminium alloy, is observed darthe abrasive
wear examinations. This process, however, do natedothe
abrasive wear resistance of composites. On therargntit can
cause the strengthening of matrix in microregionsatly beneath
the carbide. The strengthened regions prevent th@andc
particles from being pushed further into the matlloy [10].
Also the detrimental phenomena can occur duringath@sion
process, e.g. the particle pullout. This phenomemsnlts in the
significant increase in abrasive wear and leads ¢goeat damage
of the sliding surfaces. It occurs due to the wbakd between
a reinforcing particle and the matrix.

The most recent group of composite materials desigio
achieve the high abrasive wear resistance areotitalled hybrid
composites. These materials, produced so far asltheinium
matrix ones, contain both the soft lubricating igtet (e.g.
graphite) and hard strengthening particles (e.@) SiL1-15].
Examinations of their abrasive wear show that tteduction of
e.g. graphite particles reduces the heat genedatedo friction at
the material surface, reduces the counter surfaze,vand leads
to the generation of the so-called tribologicalel@yconsisting of
carbon, various types of oxides, and other matioraadditions.
These layers exhibit high hardness and smoothsesthat they
can serve as protection against the damage of dbpecating
counter surface.

2. Methods and results of investigation

The purpose of the presented work was to deterrttiee
influence of variable fraction of graphite partieleon the
abrasive wear of AIMgl10 alloy matrix compositesnferced
with silicon carbide particles, produced by gravitasting
method.

The scope of research work included first of abbgarction
of composite castings containing the uniformly distted
particulate reinforcement consisting of the mixtofehard SiC
particles (average grain size 1@@n) and soft G particles
(average grain size also 1@®n) embedded in AIMgl10 alloy
matrix. Next the abrasive wear of the examined nelte was
determined and their hardness was measured.

Hard and soft ceramic particles mixed in variousume
proportions were introduced into the liquid aluroimi alloy
matrix (973 K) and intensively stirred by meansneéchanical
impellers at the rate of 400 rpm for 2 minutes.ufbine mixer
was chosen for this purpose due to the possilblitgchieving
high mixing power. Mixers of this type are used for
homogenization of highly viscous liquids. They gexte an
advantageous velocity field within the mixing tamkich allows
for achieving uniform suspension. They agitate lafkéav of the
liguid and give rise to the strong suction effeahle to lift
particles up from the bottom of crucible. The diaeneof
impellers was equal to 0.05 m and their four pitthdes were
inclined at 45° angle. The impeller was placedha trucible
axis, at one third of the liquid depth counted frtiva bottom.

Composite castings werg40 mm rods gravity cast into
metal dies. Five types of hybrid composites coritgjrgraphite
and silicon carbide mixed in various proportionsd aane
composite with silicon carbide only were produced fthe
purpose of examination. The reinforcement contemtthe
produced composites was therefore as follows: 10€ $%
SiIC+1% G, 8% SIC+2% G, 7% SIC+3% G, 6% SiC+4% G,
5% SiC+5% G. Additionally, for the purpose of comparison,
examinations of pure, non-reinforced matrix allogrev carried
out.

The specimens used for abrasion tests of dimendiom@® x
15.75 x 6.35 mm were cut out of the middle partasdt rods and
abraded against a counter surface being a stdebfr@5 mm
diameter and the hardness equal to 58-63 HRC. The feder
was used for examinations. In order to determire dbrasive
wear kinetics for the examined composites and th#irmalloy,
the mass losses after the subsequent stages of wess
determined after every 500 m of sliding distancewmsighing
specimens by means of laboratory scales with amracg of
0.00001 g. Parameters of abrasion test were sdlastéollows:

— type of movement sliding at constant angular velocity of

250 rpm;

—load (P)- 50 N;

— sliding distance-» 3000 m.

Also the specimens for metallographic examinati@reacut
out of the produced castings and the photographs
microstructures were taken to ensure that ceramuiticies were
uniformly distributed within the metal matrix volenwhich is
essential for achieving suitable properties of cosite material.
Figuress 1 and 2 present the exemplary microstrestof the
produced hybrid composites. Structure AIMg10 altmnsist of
a andf3 (AlsMg,) phase.

Fig. 1. Exemplary microstructure of AIMg10 + 8% S&% Gy
composite, magn. 100x
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Fig. 2. Exemplary microstructure AIMg10 + 5% SiC +&r
composite, magn. 100x

Figure 3 is a graphic representation of abrasivarwénetics
of the examined materials.
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Fig. 3. Abrasive wear of the examined composites

Changes in the character of abrasive wear of hytwidposites
can also be observed while examining the size airwieacks,
which are presented on the exemplary photograpbs4F

Fig. 4. Exemplary wear tracks for the examined cositps:
a) AIMg10+5% SiC+5% g composite, b)AIMg10+9% SiC+1%
Cyr composite, ¢) AIMg10 alloy
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The subsequent Figures (5-7) show exemplary maapbgr
of sliding surfaces of the examined composites. s€he
macrographs show also changes in the characteicté taking
place when the graphite content is increased. Tdlew for
observation of traces of the work of ceramic peticat the
sliding surfaces of the examined materials. Suckentations
made for hybrid composites revealed the phenomenbn
spreading the abraded graphite particles over litimg surface
and lubricating the exposed SiC particles.

Fig. 5. Photomacrograph of sliding surface
of the AIMg10 + (9% SiC and 1%} composite, magn. 100x

20kUV XIBB‘ 1au_m 785887
Fig. 6. Photomacrograph of sliding surface
of the AIMg10 + (5% SiC and 5%} composite, magn. 100x

20kV X108 108km 705083
Fig. 7. Photomacrograph of sliding surface
of the AIMg10 + (7% SiC and 3%} composite, magn. 100x

Authors of many scientific reports state that thegnmitude of
abrasive wear depends on the hardness of matgrid/gherefore
the present work gives also the results of hardnesssurements
carried out for the examined materials, i.e. bathrhatrix alloy
and for produced composites. The examinations werormed
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using Brinell's method according to PN-93/H-0435@rsard.
The indenter was a ball of 5 mm diameter. The tssate
illustrated in Figure 8.
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Fig. 8. Bar chart comparing hardness of examinea nads

3. Summary and conclusions

Composite structure is decisive for its quality. Mamoblems
are to be solved in order to achieve composite niahtevith
uniformly distributed ceramic particles. The deyetent of
production technology secures proper selection obcgss
parameters and guarantees obtaining compositesuitdble
structure. The presented exemplary microstruct(Fégs. 1,2)
prove that the production parameters were chosemnuadely,
since both SiC and graphite particles are arrangatbrmly,
without clusters, and neither porosity nor the maegtallic
inclusions are observed.

The presented results of abrasive wear tests ofposites
indicate a large increase in abrasive wear resistaof the
material into which the ceramic particles were ddtrced. This
phenomenon can be attributed mainly to the presefideard
silicon carbide particles at the sliding surfaced &mthe action of
their smoothed surfaces, against which the cousteface is
sliding. Thus the matrix material loss is lessefdte presence of
graphite particles exhibits smaller influence one thlirect
reduction of abrasive wear, expressed in terms aterial mass
loss, but they play an important part as a lubtiéanthe working
surfaces of the matrix and the SiC particles themasellt should
be stressed that a significant diminution in efexft wear process
was found at the counter surface working againsbritly
composite specimen as compared with the countéacsuused
for examination of composites reinforced solelyhwitard SiC
particles.

The results of abrasive wear tests were also coaflr by
observation of wear tracks at the sliding surfacese sliding
surface of the AIMg10 alloy matrix revealed mangpl@nd wide
scratches. As the content of graphite in compositsincreased,
modest and temperate damage at the composite esiriaas
observed.

The results of hardness measurements shown inBFgow
that SiC particles significantly influence the corsjp@ hardness.
This figure illustrates also that the compositednass decreases
with an increase in graphite content. The resultsoth abrasive
wear tests and hardness measurement confirm tip@sitipn that
larger abrasive wear occurs for composites exhipitiower
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hardness. The results indicate also that the doffiricating

graphite particles should be introduced into coritpsseinforced
with hard silicon carbide particles in order to texi the counter
surface, cooperating with such a composite and alsaded,
from the destructive action of SiC particles.
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