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Abstract

Cast magnesium matrix composites reinforced with silicon carbide particles were investigated by using Raman microscopy. 3C, 4H and
6H polytypes of SiC particles were identified in the investigated composites. Additionally, Mg,Si compound was detected by Raman

microscopy in the composites microstructure.
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1. Introduction

Among various metal matrix composites (MMCs), magne-
sium matrix composites (MgMC) reinforced with ceramic
particles deserve special consideration, due to their low density,
high specific stiffness and strength, high damping capacity and
good dimensional stability [1-11]. The microstructure and the
properties of MMCs depend on various factors, which include: (i)
distribution, a size and a volume fraction of reinforcing particles,
(i) a type of matrix alloy, (iii) a fabrication method and process
parameters and (iv) a bonding type between components [9, 12-
15].

Silicon carbide particles are the most widely used as
reinforcing phase in MMCs due to their low prise and appropriate
mechanical properties. In particular, the Mg-SiC system is
characterised by (i) very good wettability of SiC by molten Mg,
(i1) very high stability of SiC in liquid Mg, (iii) a precipitate-free
SiC/Mg interface and (iv) strong adhesive bonding between SiC
and the magnesium matrix [16-22]. SiC exhibits polytypism
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which originates from differences in stacking faults of Si-C
double layers along [111] or [0001] directions [23-25]. Different
arrangements of n bilayers within the unit cell cause the formation
of cubic (C), hexagonal (H), or thombohedral (R) structures. The
most common polytypes of SiC are: 3C (zinc blend type, B-type
SiC), 4H and 6H (a-type SiC). Their structures are schematically
presented in Fig.1.

SiC particles, which are commercially used for the fabrication
of MMCs, very often contain considerable amounts of impurities,
such as: graphite, Si, SiO, and metal oxides (Fe,03, Al,O;, CaO,
MnQ,). It should also be noted, that SiC particles tend to be
covered with a SiO, film due to the oxidising processes during
their manufacturing [6,8]. The silicon oxide film can remain on
the SiC particles in MgMC when contact time of molten
magnesium alloy with the particles is relatively short during the
fabrication process. On the other hand, the sufficiently long
contact time of SiC with molten alloy leads to the formation of
small amounts of Mg,Si phase in the composite matrix due to the
reaction of SiO, and Mg.
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Raman spectroscopy is a powerful technique for the
identification of SiC polytypes [26-30]. This work is focused on
the application of Raman microscopy for the characterization of
individual SiC particles in MgMCs, which is important for better
understanding of nucleation processes of the metal matrix
occurring on different SiC polytypes. Since SiC polytypes differ
in electrical conductivity [31], the possibility of their
identification in the composite matrix is also significant for
recognition of micro-galvanic corrosion mechanisms in MgMCs.
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|

Fig. 1. Unit cells of silicon carbide polytypes [33]

2. Experimental materials and
procedures

The investigated composites containing 20 wt. % of SiC
particles were prepared on the basis of Mg-Si hypo-eutectoid
alloy (1 wt. % Si) and commercial AMS50 alloy. Silicon carbide
particles with an average diameter of 40 pum (manufactured by
Fabryka Materialow i Wyrobéw Sciemnych KORDUN S.A)) were
used as the reinforcing phase. Composites were fabricated by
means of a simple and non-expensive casting method involving
mechanical mixing of the molten metal with the SiC particles in a
steel crucible under a protective atmosphere, and subsequent cast
into a metal moulds. The fabrication process parameters, such as
the time and rate of suspension stirring, a casting temperature, a
mould temperature, were chosen experimentally for each
composite material.

Samples for optical and Raman microscopic investigations were
prepared by the conventional grinding with waterproof abrasive paper
of grain size 4000 and subsequent mechanical polishing with a lubricant
containing 0.1 um diamond particles (Buehler, U.S.A.). The samples
were etched in 1% solution of concentrated nitric acid in ethanol
for 5 second.

An EZRaman-L spectrometer with a diode laser (excitation
wavelength 785nm, power 50 mW) from Enwave Optronics, Inc.
(Irvine, CA, U.S.A.) was used for recording Raman spectra. The
Raman spectrometer was coupled with an optical microscope
equipped with a HC PL Fluotar objective with a numerical
aperture of 0.80 and a magnification of 50x (Leica Microsystems,
Wetzlar, Germany). The laser spot size was equal to ca. 3 um.
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3. Results and discussion

Fig. 1 shows an optical micrograph of the Mg/SiC composite.
Apart from SiC particles Mg+Mg,Si eutectic is visible. A Raman
spectrum recorded for the particle indicated by the arrow in Fig. 1
exhibits two sharp bands at 789 and 970 cm™', corresponding to
the transversal optic phonon (TO) and the longitudinal optic
phonon (LO) modes of 3C-SiC [26-30]. Two different patterns of
Raman spectra, which were recorded from other SiC particles, are
shown in Figs 3 and 4. The spectrum, presented in Fig 3,
consisted of the three peaks at 771; 786 and 798 cm’
(degenerated TO mode) and 970 cm™ (LO mode) is characteristic
for 6H-SiC [26-30]. In Fig. 4, the Raman spectrum for the third
polytype of SiC, which was found in the investigated Mg/SiC
composite, is presented. This spectrum is consisted of a sharp and
intense band at 788 cm™ with a shoulder at 798 cm™ (TO) and a
very weak band at 970 cm™ (LO), which is characteristic for 4H-
SiC polytype [26-30].
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Fig. 2. Optical micrograph of the Mg/SiC composite surface and
Raman spectrum recorded from the 3C-SiC particle

700

96 ARCHIVES of FOUNDRY ENGINEERING Volume 13, Issue 1/2013, 95-98



www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

Intensity / a.u.

| I
800 900 1000

Raman shift / cm”

Fig. 3. Optical micrograph of the Mg/SiC composite surface and
Raman spectrum recorded from the 6H-SiC particle
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The results presented above indicate that three different
polytypes exist in the cast Mg/Mg,Si composite. This information
can be useful for considerations on the influence of the
reinforcing particles on the nucleation of the metal matrix. Lattice
correlation between solid state ceramic and metal phase
nucleating on it, is one of the factors influencing on nucleation
processes.

Raman spectroscopy can be applied for identification of
Mg,Si compound which can be a deliberately introduced
component in magnesium composites or which can form due to
the reaction between liquid magnesium and SiO,. Fig. 4 shows an
optical micrograph of the AMS50/SiC composite. The composite
matrix is consisted of a-phase (a solid solution of Al in Mg) and
oty eutectic (where y is Alj;Mg;;). Apart from SiC reinforcing
particles another type of particles was found in the composite
microstructure. The Raman spectrum recorded from the particle
of this type is presented in Fig. 5. The presence of two peaks at
259 and 340 cm' is characteristic for Mg,Si [32]. It is likely that
Mg,Si was formed by the reaction of SiO,, which was present on
the SiC surface, with molten magnesium. It is worth noting that

the ability of Raman microscopy to identify individual particles of
Mg,Si is very helpful in studies of multiphase composites.
Detection of Mg,Si compound is difficult by other methods (e.g.
X-ray diffraction) because of its very low content in a bulk
material.
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Fig. 4. Optical micrograph of the Mg/SiC composite surface and
Raman spectrum recorded from the 4H-SiC particle

4. Summary

The application of Raman microscopy for microstructure
characterisation of cast magnesium matrix composites provides
valuable information on polytypes of SiC reinforcement. In the
investigated Mg/SiC composite three SiC polytypes were
detected, namely 3C, 4H and 6H. Raman microscopy can also be
used to identify Mg,Si compound, which can be present in
magnesium matrix composites. This is important because due to
very low mass fraction of Mg,Si compound in the cast AM50/SiC
composite, this phase is difficult to detect by other methods (e.g.
X-ray diffraction analysis) commonly used for microstructural
studies of magnesium matrix composite materials.
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Fig. 5. Optical micrograph of the AM50/SiC composite and
Raman spectrum recorded from the Mg,Si particle
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