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METAL MATRIX COMPOSITES REINFORCED WITH
Al-Co-Cu PARTICLES

Cu- or Al-based composites reinforced with quasicrystalline AI-Co—Cu particles are produced by
infiltration without applying pressure. For fabricating composites, J162, BpOIl 10-2 or AMr30 alloys
are selected as matrix materials, and the Alg;Co,,Cuys alloy as reinforcement. Dissolution mechanisms
are reviewed to estimate the role of the decagonal quasicrystalline and coexisting crystalline phases on
interfacial structure formation. There exists a crystalline H-phase, melting temperature of which is low
enough to be dissolved into the molten metal matrix during infiltration. The quasicrystalline D-phase
has a higher melting temperature with better resistance to dissolution. According to the
microstructural observation, a macrohetergeneous structure is achieved for JI62 matrix composite. For
BpO1l 10-2 matrix composite infiltration time and fabrication temperature should be minimized as
much as possible to guarantee the macroheterogeneous composite structure. In the AMr30 matrix
composites, the better quality of macroheterogeneous structure is preserved due to the lowest level of
interfacial reactions.
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BuroroBieHo kommo3uuniiiHi Matepiamim Ha ocHoBi Cu Ta Al, 3minHeHi YacTHHKaMu
kBasikpuctaiaiudoro cmiaaBy Al-Co-Cu, 3a JgomoMorow Meroay BiIbHOro mnpocovyeHHs. Jlas
OTPMMaHHSI KOMNO3HIiiTHNX MaTepianiB 3acrocoBaHo cniasu JI62, BpOIl 10-2 ago AMr30 B sikocTi
MaTtpuib Ta cmiaB AlgCoyCuys B sikocTi HamoBHIOBaya. MexaHi3MH PO3YHMHEHHSI PO3IJISIHYTO 3
YPAaXyBaHHSIM BIUIMBY A€KAroHaJbHOI KBa3ikpucTadiuHoi Ta chiBicHyl4HMX KpHcTamdiuHuX ¢a3 Ha
CTPYKTYPOYTBOPEHHSI Me:K MOAIJIY MizK HanoBHIOBaYeM Ta Matpuuelo. [Toka3ano, mo npu npocoveHsi
B po3luiaBJieHiil MeTasieBiii MaTpuui po3uMHsieTbest Kpuctaidiuna H-¢a3a manoBHioBaya 3 BiqHOCHO
HHM3BbKOIO TeMIlepaTypolo miasijenns. Kpasikpucraniuna D-da3a, mo BigpisHsieTbes 0lIbII BUCOKOIO
TeMIIepaTypol0 IJIABJIEHHS, NPH [bOMY NPAKTHUYHO He PO3YHHAETheA. MeTtanorpadivaumn
JOOCJTiIZKeHHSIMH BCTAHOBJIEHO, 110 KOMITO3ULiHHIT MaTepiaa 3 MaTpuner JI62 Mae MaKporeTeporeHHy
CTPYKTYPY. [lJIsl OTpMMaHHA MaKPOreTepOreHHOi CTPYKTYPH KOMMNO3HIIfHOro MaTtepiaiay 3 MaTpHIel0
BpOIl 10-2 caix minimizyBatn TpuBajdicTe i TemmepaTypy npocoueHHs. Haiixpame BupaxkeHa
MAaKpOreTeporeHHa CTpyKTypa KomMnosuuiiiHoro marepiany 3 matpuuneo AMr30 36epiraerbes 3aBasiku
HAWHMKYOMY PiBHIO iHTEHCHMBHOCTI Mizk(pa3zHuX peaxuiid.

Ki1ro4oBi ciioBa: KOMIO3UIIIHI MaTepianu, MeTaleBa MaTPHILL, IPOCOYCHHS, (a30Bi EPETBOPECHHS.

H3roToBiieHbl KOMIO3HLIMOHHBIE MaTepuayibl Ha ocHoBe Cu u Al, ynpouHeHHbIe YacTHIAMH
KBazuKpucTapanyeckoro cmiaBa Al-Co-Cu, ¢ mnomomsio Metoga cBoOogHoii mponutku. s
TMOJTy4YeHns KOMIIO3UIMOHHBIX MaTepHaJIOB MCNoab30BaHbl cuiaBbl JI62, BpOILl 10-2 niau AMr30 B
kayectBe Matpun u cmiaB AlgCoy,Cujs B kauvecTBe HamotHuTe s. MeXaHH3MblI PacTBOpPeHMs
PacCMOTPeHBbI € Y4YeTOM BJIMSIHMSI /IeKATOHAJbHOH KBAa3MKPHCTA/UIMYECKOH M COCYHIECTBYIOIMX
KpHCTAUIMYEeCKHX (a3 Ha CTPYKTypooOpa3oBaHHe TIpPaHHUIl pa3fena MeKAy HANOJIHHTeNeM H
martpuueii. Ilokazano, 4To Npu NPONUTKe B PACIVIABJIEHHOH MeTA/UIMYECKOH MaTpHIe PacTBOPsieTCs
kpuctaummyeckasi H-¢aza HanorHuTe s , MMeIONIasi OTHOCHTEIbHO HU3KYI0 TeMIEPATypy IUIABJICHHUS.
KBazukpucraimyeckass D-¢paza, kotopasi oriimyaercsi 0oJjiee BbICOKOI TeMIepaTypoil IJiaBjeHHs,
NpH 3TOM MPAKTHYeCKH He pacTBopsercs. MeTamnorpaguuecKUMH MCCJIeI0BAHHSIMH YCTAHOBJIEHO,
YTO0 KOMIO3MIMOHHBII MaTepuas ¢ Marpuueii JI62 mmeeT MakporereporeHHyim crpykrypy. s
MOJIy4YeHHs] MAKPOreTeporeHHoii CTPyKTypbl KOMIIO3MIIMOHHOI0 MaTepuaJa ¢ matpuueii BpOLl 10-2
ciaeayeT MHHHMH3HPOBATh NMPOJOKUTEIBHOCT, H TeMnepaTypy nponutku. Hanbonee BhipaskeHHas
MAaKpOreTeporeHHasi CTPyYKTypa KOMIIO3MIIMOHHOTO MaTepuasna c¢ marpuued AMr30 coxpansiercs
fJ1arofapsi MUHHMAJILHOMY YPOBHIO HHTEHCHBHOCTH MeK(pa3HbIX peakuuid.

KiioueBble cjIoBa: KOMIIO3MILMOHHBIE MaTepHaibl, METAJUIMYECKas MATPHIA, NMPONMTKA, (a3zoBble
NPEBPAILCHUS.
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1. Introduction

Quasicrystals exhibit exclusive properties, such as high hardness, low friction
coefficient, high wear resistance etc. [1]. However, quasicrystals are extremely brittle at
room temperature. Therefore, quaisicrystalline alloys could be used as reinforcement
particles in metal matrix composites in order to circumvent their intrinsic brittleness [2].
The first successful application of quasicrystals is the production of Al composites
reinforced by Al-Cu—Fe particles [3-5]. The metal matrix and the reinforcement particles
are blended using mechanical milling technique, and later extruded to produce a
composite material, which increases the hardness of the composite. But attempts should
be made to preserve the quasicrystalline icosahedral phase during heating, for instance by
pre-oxidizing or using Ni-coated reinforcement particles in order to place a diffusion
barrier at the matrix-particle interface and block diffusion of aluminum during annealing
[6,7]. These measures successfully increase the content of the quasicrystalline phase in
the resulting composite materials. Further enhancements are expected with using a gas-
pressure infiltration technique to produce composite materials with Al-based matrix
reinforced by Al-Cu—Fe particles, which applies a device that injects under the pressure
the matrix in the liquid state into a preform of reinforcement particles [8, 9]. This
procedure leads to rather complex composite materials containing a variety of phases that
are in the vicinity of the icosahedral phase in the AlI-Cu-Fe phase diagram.

Meanwhile, the investigations performed on conventionally solidified Al-Co—Cu
alloys confirm that the alloy system forms decagonal quasicrystalline phase that is stable
up to ~ 1000°C [10]. Thus, the use of Al-Co—Cu particles to produce metal matrix
composites constitutes a promising challenge.

Taking into account the higher stability of the decagonal quasicrystalline phase
observed in the Al-Co—Cu alloys compared with the icosahedral phase of Al-Cu-Fe
alloys, the aim of the paper is to investigate the reactions proceeding at the matrix-particle
interfaces of the composites reinforced with AlI-Co—Cu particles.

2. Experimental procedure

The particle-reinforced metal matrix composite materials were produced with using
infiltration technique without applying pressure [11]. The composites were fabricated by
melting the metal matrix with a superheat of 50°C and infiltrating reinforcing particles
during 40 — 60 minutes. The particles were prepared from Al-Co—Cu ingots by hammer
milling. The ingots were basically of the decagonal quasicrystalline phase (D-phase), but
also contain a small amount of crystal phases. The final particle size was ranging between
500 pm and 1500 um. Cu- or Al-based alloys, namely JI62, BpOL] 10-2 or AMr30 alloys,
were used as metal matrixes. Different matrix compositions were selected for the
following reasons:

- JI62 alloy because it exhibits high anticorrosive properties;

- BbpOIl 10-2 alloy because it has been reported as alloy with low friction

coefficient;

- AMr30 alloy because it has lower melting temperature as compared to pure Al.

For all composites, the quasicrystalline particles were adjusted to correspond to a
volume fraction of about 50 vol. pct. of the total composite volume. The cooling time to
room temperature was nearly 3 hours.

The instruments used in the microstructural characterization of the investigated
composite materials were optical microscopes (OM) Neophot and GX-51, quantitative
analyzer Epiquant, scanning electron microscope (SEM) POMA 102-02. The alloys were
also studied by powder X-ray diffraction (XRD) using CuK,, radiation. The local phase
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compositions were determined in SEM by energy dispersive X-ray (EDX) analysis. The
usual scattering of the measurements was about + 0.2 at. pct. The porosity level was
determined by image analysis to be approximately 3 pct.

3. Results and discussion

Fig. 1 shows the representative solidification microstructure of AlgsCoyCuys
particles formed during the preparation process. In Fig. 1, a where cooling rate of 100 K/s
was imposed during solidification, there exist three different phases, discernible by the
image contrast as mottled dark and light grey in the rather white region. According to
phase identification of EDX, the mottled dark region consists of quasicrystalline
decagonal D-phase that volume fraction is about 65 pct. Light grey inclusions embedded
in D-phase correspond to Al4(Co,Cu); phase (B’-phase). The rather white region
corresponds to the Al;(Cu,Co), phase (H-phase).

WD=27.6mm 20.00kV x600 100pm

() (b)

Fig. 1. Microstructure of Alg;Co,,Cuys alloy: a — optical micrograph, x400;
b — SEM micrograph, x600.

After infiltration, all composite materials contain reinforcing particles embedded in
the matrix. Quasicrystalline phases of the particles are present in the final materials.
Fig. 2, a shows the JI62 matrix composite material, where due to the complete dissolution
of crystalline H-phase the quasicrystalline D-phases are seen to be distributed throughout
the metal matrix nonuniformly. They are observed preliminary in the places where
reinforcing particles should be located. The quasicrystals are not decomposed. The size of
quasicrystalline phase decreases to ~ 20 — 40 um. Scanning electron microscopy shows
the absence of segregated phases around the particles in the structure. The wettability of
the matrix and D-phase is good. No evidence of the presence of cavities at interfaces nor
in the matrix is found with optical microscopy, which shows that full infiltration of
reinforcement particles is obtained with using the present infiltration process. The best
bonded interfaces should give rise to the high level of mechanical properties.

In Fig. 2, b most quasicrystalline phases are normally observed to be uniformly
distributed in the bpOIl 10-2 matrix alloy. Here, it is noticed that crystalline H-phase,
which had been formed during casting Al-Co—Cu alloy, was also dissolved into the
BpOI] 10-2 matrix. A closer observation at higher magnification revealed that a relatively
good bonding between the quasicrystalline phases and the matrix has been achieved
during fabrication. However, special attention should be paid to minimizing the contact
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time between the molten metal and reinforcement particles, in order to reduce the
interphase reactions which could lead to composite strength degradation as a result of
non-macroheterogeneous structure of the composite.

(a) (b)

Fig. 2. Microstructure of composites reinforced with Al-Co—Cu particles infiltrated by : a — JI62 alloy,
x400; b — BpOI 10-2 alloy, x600.

The infiltration by AMr30 alloy affects composite material microstructure and the
dissolution kinetics (Fig. 3). The reinforcing particles slightly dissolve into the matrix.
The complete dissolution of crystalline H-phase is not observed. Therefore, the molten
matrix does not penetrate along the boundaries of quasicrystalline D-phase. The most
reinforcing particles during solidification process are finally dispersed in the matrix. The
interfacial zones composed of several layers with different aluminum, cobalt and copper
contents are observed around the reinforcing particles. The first layer directly adjacent to
the particle contains D-phase inclusions imbedded in Al;3(Co,Cu), (M-phase). From the
particle outward, Cu is detected in the layers with a content that varies from place to place
for a given composite, but which does not exceed 6.97 at. %. Correspondingly, cobalt
content increases from 33.13 % to 38.1 % and aluminum content decreases from 65.87 %
to 53.99 %. Mg diffusion out of the matrix is obvious, since up to 1 at. % of this element
is present in the outer layer between the particle and matrix. It is interesting to point out
that there are no distinct boundaries between the layers. In the metallic matrix two solid
solutions are seen. They differ in composition as follows: 85.27 — 87.86 % Al; 7.82 —
10.35% Mg; 1.79 — 6.91 % Cu for first solution and 13.58 — 23.54 % Mg; 39.73 — 50.90
% Al; 25.56 — 46.78 % Cu for second one. All phase transformations can be coherently
explained by Cu and Co depletion of the Al-Co—Cu reinforcing particles and Al fluxes
from the particles to the matrixes and/or vice versa.

Taking into account the above considerations, the reactions occurring during the
infiltration process may be described by the following scenario. The origin of the
formation of the interfacial zones is related to a partial dissolution of the particles during
infiltration in the molten matrixes. This process enriches small areas of matrix melt with
constituent components of the particles. According to the phase diagrams, during
solidification, the enriched liquid forms corresponding interfacial zones around the
particles. For the JI62 or BpOILl| 10-2 matrix composites the H-phase dissolves
completely, but for the AMr30 matrix composite it does only partially.
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Macroheterogeneous structure of the composite materials is preserved only for the
JI62 and AMr30 matrix composites. In the AMr30 matrix composite, the reinforcing
particles have an M-phase shell that results from partial dissolution of H-phase. The
interface reactions are at the lowest level, which certainly favored the stability of the
quasicrystalline D-phase.
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Fig. 3. Composite reinforced with Al-Co-Cu particles infiltrated by AMr30 alloy: a — SEM
micrograph, x500; b — distribution of Al, Mg, Cu, Co across the interfacial zone between the particle
and the matrix.

5. Conclusions

In this study, three composite materials with Cu- and Al-based matrix reinforced
with Al-Co—Cu particles initially of quasicrystalline decagonal phase are produced by
infiltration without applying pressure. It is shown that such a fabrication technique leads
to formation of flawless interfacial zones between the particle and matrix resulting from
specific dissolution and diffusion processes. The morphology and spatial distribution of
the quasicrystalline D-phase depend on the composite material. In the JI62 or pOL] 10-2
matrix composites crystalline H-phase of the particles dissolves completely, and the
quasicrystalline phase is dispersed with different degree of uniformity in the metal
matrix. This degree depends on interphase reactions and increases for bpOL] 10-2 matrix
composite material. In the AMr30 matrix composite the M-phase encircles reinforcing
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Al-Co—Cu particles due to partial dissolution of H-phase that is located, mainly, close to
the interface.
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