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Abstract

Preliminary tests aimed at obtaining a cellular SiC/iron alloy composite with a spatial structure of mutually intersecting skeletons, using a
porous ceramic preform have been conducted. The possibility of obtaining such a composite joint using a SiC material with an oxynitride
bonding and grey cast iron with flake graphite has been confirmed. Porous ceramic preforms were made by pouring the gelling ceramic
suspension over a foamed polymer base which was next fired. The obtained samples of materials were subjected to macroscopic and
microscopic observations as well as investigations into the chemical composition in microareas. It was found that the minimum width of a
channel in the preform, which in the case of pressureless infiltration enables molten cast iron penetration, ranges from 0.10 to 0.17 mm. It
was also found that the ceramic material applied was characterized by good metal wettability. The ceramics/metal contact area always has
a transition zone (when the channel width is big enough), where mixing of the components of both composite elements takes place.
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1. Introduction composites. Ex-situ compqsites are most. frequently manufact}lred
by the method of mechanical mixing with simultaneous addition
of ceramic particles into molten metal or by molten metal
infiltration into a densely-packed layer of particles or fibres [2, 3].
As a result, a non-continuous strengthening ceramic phase
dispersed in the homogenous matrix of the metal is obtained.

Another solution is to obtain composites characterized by a
spatial structure of mutually penetrating cells of the ceramic and
metal phase.

Contrary to composites with a dispersed ceramic phase, in this
type of materials the properties of the matrix and reinforcement
complement each other in a better way [4-8]. One of the methods
which allows obtaining this kind of composites is infiltration of

The main reason for research on developing of metal-ceramic
composites is obtaining a material characterised by properties that
cannot be achieved by ceramic or metal materials. Modification of
the alloy properties by adding ceramics can increase its hardness
and rigidness, resistance to tribological wear or decrease creep at
elevated temperatures. Ceramics combined with a metal alloy
matrix has enhanced resistance to thermal shock and fracture
toughness [1].

Metal-ceramic composites are usually obtained by ex-situ and
in-situ techniques. These are commonly produced dispersed
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previously prepared ceramic materials having a porous, open
structure — so called preforms — by molten metal. Porous ceramics
of this type can be obtained e.g. by sintering the fractionated
grains [9-11] or gelling a foamed ceramic suspension [12-14].
Another method applied is sedimentation of a ceramic slip on a
foamed polymer base [8]. It involves impregnating the elastic
organic foam with a polymodal suspension containing ceramic
particles in such a way that only the bridges surrounding the pores
in the foam are covered. Another way of using a foamed polymer
base is making a porous ceramic preform so that its voids are a
mapping of the polymer matrix, which is fully immersed in the
ceramic suspension and, next, fired [15].

In the case of composites containing a ceramic phase in both a
dispersed and continuous form, an important issue is to properly
join it with the metal phase. The quality of this joint, determining
good transfer of loads between components, depends mainly on
the ceramic surface wettability by the molten metal [16]. The
problem related to the lack of wettability in the ceramic-metal
system is particularly important in the case of obtaining
composites by the method of porous preform infiltration without
using a higher pressure, in which a vital role is played by capillary
forces [17]. A solution is offered by techniques which involve
modifying the ceramic surface e.g. by covering it with appropriate
coatings (more easily wettable by molten metal) and/or enriching
the chemical composition of the metal with additives lowering its
surface tension in the liquid phase [18-20].

On the other hand, the durability of the ceramic-metal joint is
determined by the structure and durability of the division surface,
also referred to as interface surface; it is worth mentioning at this
point that the connection can be mechanical (mutual anchoring of
materials), adhesive (intermolecular forces of the adhering
phases) or diffusive (mixing of both phases’ components, which
may also result in the formation of a new phase) [6].

Composites reinforced with a ceramic phase in the form of
particles or fibres have been produced for many years. These are
usually materials which have a matrix of light alloys, containing
particles of Al2Os3, SiC or SiO2, most frequently applied in the
automotive or aircraft industry [2, 21]. There are also ongoing
works aimed at obtaining composites with an aluminium alloy
matrix through molten metal infiltration of preforms in the form
of ceramic alumina foams [22].

The least investigated and produced composites are the ones
with a matrix made of iron alloys. The limitations in their
application are related to technological difficulties resulting
mainly from the temperature of processing, which is higher than a
typical temperature for Mg or Al alloys.

In the article the results of preliminary tests aimed at
obtaining an SiC/iron alloy composite by the method of molten
metal infiltration into the porous ceramic shape have been
presented.

2. Methodology

2.1. Manufacture of porous ceramic preforms

In the investigations shapes having the dimensions of
20x20x40mm, made by gel casting from a SiC powder
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suspension, have been used. SiC F1000 (Carborex - Washington
Mills) with the grain size d50=4,5£0,8um and chemical
composition: SiC 98.3%, C 0.25%, Si 0.35%, SiO2 0.6%, Fe 0.1%
has been used. Porous shapes have been obtained by pouring the
prepared polymer suspension over a sponge with the porosity of
10 pores per inch (ppi) (Fig. 1).

After gelling, the preforms were subjected to thermal
treatment at 600°C, in air atmosphere. In such conditions the foam
was completely fired, leaving behind a system of channels
mapping its shape inside the preform. To widen the channels, for
some tests, the polymer foam bars were thickened by covering
their surface with a suspension containing an organic binder,
which is completely burnt at 600°C. Next the preforms were fired
at 1400°C and a porous material with SiC on an oxynitride
bonding was obtained (Fig. 2).

Fig. 2. Cross-section of a porous SiC preform

2.2. Molten metal infiltration of preforms

To improve ceramics wettability by molten metal, a water
solution of boron and sodium oxides was applied on the preform
surface. After drying and thermal treatment at 650°C, the
preforms were placed in a casting mould made of synthetic quartz
mass with bentonite and subjected to infiltration by grey cast iron
with flake graphite having the composition presented in Table 1,
at the temperature of 1590°C.

The obtained samples of materials were subjected to
macroscopic and microscopic observations as well as
investigations into the chemical composition in microareas by
means of a Mira 3 scanning electron microscope, produced by
Tescan, equipped with an EDS spectroscope (Aztek system
produced by Oxford Instruments).
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Table 1.
Chemical composition (wt. %) of gray cast iron used for infiltration
C Si Mn P S Cr Ni Mo Cu \Y Ti Al
0.19 0.94 1.57 0.020 0.013 0.32 0.18 0.10 0.06 0.04 0.002 0.03
0.20 0.94 1.57 0.020 0.012 0.32 0.18 0.10 0.06 0.04 0.002 0.17
0.20 0.95 1.56 0.019 0.011 0.32 0.18 0.10 0.06 0.04 0.002 0.15

3. Discussion of results

Based on the macroscopic evaluation of cross-sections of the
obtained material samples it was found, that the preforms with
channels left behind by the fired, unthickened foam, were not
infiltrated, whereas extension of the channels allowed the molten
metal permeation. The minimum range of the width of channels
filled with metal was established on the basis of microscopic
investigations. The image of the composite sample cross-section
(Fig. 3 a) indicates that the channels having a minimum transverse
dimension of 0.17 mm were infiltrated, whereas metal did not
permeate into channels with the dimension lower than 0.1 mm. It
was also found that the ceramic material applied was
characterized by good metal wettability. The metal-ceramic joint
was compact, most frequently without visible cracks.

D4 =0.08 mm

D5 = 0.09 mm

SEM HV: 150KV Det: BSE

Fig. 3. Microstructure of the composite sample cross-section: a)
dimension of channels in the preform, b) selected areas of
infiltration subjected to analysis

Selected areas of infiltration with various transverse
dimensions of the channels in which infiltration actually occurred
(A, B and C in Fig. 3 b) were observed at higher magnifications:
200x and 1000x.

SEM HV: 150V Dot 836 Ll
Viewfit 138 mm  SEMMAG. 200x 709 pm

MIRAY TESCAN

Pactormanse i anorpace

Si K series Fe K series

100um

ANl Elements

Fig. 4. Area A - BSE micrographs of magnification: a) 200x, b)
1000x and analysis of chemical composition in microareas: c)
distribution of Si and Fe, d) linear profiles of Si and Fe contents
drew perpendicular to the ceramic-metal contact line
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Fig. 5. Area B - BSE micrographs of magnification: a) 200x, b)
1000x and analysis of chemical composition in microareas: c)
distribution of Si and Fe, d) linear profiles of Si and Fe contents
drew perpendicular to the ceramic-metal contact line
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Fig. 6. Area C - BSE micrographs of magnification: a) 200x, b)
1000x and analysis of chemical composition in microareas: c)
distribution of Si and Fe, d) linear profiles of Si and Fe contents
drew perpendicular to the ceramic-metal contact line
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The observations also revealed (Fig. 4-6) that these areas were
non-homogenous, forming a transition zone between the
components. Based on the analysis of elements’ distribution in the
microareas, it can be concluded that the transition zone is formed
due to the process of mixing the metal components and the
ceramic material. The phenomenon of mixing the components in
the transition zone is also confirmed by an analysis of chemical
composition changes along the set line (linear profiles present
changes for Si and Fe — main components of the composite in
ceramics and metal, respectively). The transition zone thickness is
changeable, ranging from 30 to 120 um in the areas subjected to
observation (Fig. 4 and 5). If the infiltration area is narrower than
this range, it already contains components characteristic of the
transition zone and the region of pure metal is absent (Fig. 6).
Abrupt fluctuations of Si and Fe contents in the transition zone
suggest that this is where the components of the ceramic phase
and metal are mechanically mixed. Another noteworthy thing is
considerable compactness of the area discussed, in particular the
lack of cracks on the boundary between ceramic grains and the
surrounding metal. It can therefore be presumed that chemical and
physical reactions occur in the process of transition phase
formation, which results in the formation of new phases on the
ceramics/metal boundary. The obtained results confirm good
wettability of ceramic grains by molten metal.

Because in this article the only results of preliminary tests
aimed at obtaining an SiC/iron alloy composite by the method of
molten metal infiltration into the porous ceramic shape have been
presented, detailed determining the dominant type of connection
in the presented composite will be the subject of further
investigations. However, whether the composite components have
mainly mechanical, adhesive or diffusive joints, the presented
results indicate that it is possible to obtain a stable cellular
SiC/iron alloy composite by the method of pressureless
infiltration.

4. Summary

Preliminary tests aimed at obtaining a cellular SiC/iron alloy
composite with a spatial structure of mutually intersecting
skeletons, using a porous ceramic preform have been conducted.
The possibility of obtaining such a composite joint using a SiC
material with an oxynitride bonding and grey iron with flake
graphite has been confirmed.

It was found that the minimum width of a channel in the
preform, which in the case of pressureless infiltration enables
molten cast iron penetration, ranges from 0.10 to 0.17 mm.

The ceramics/metal contact area always has a transition zone
(when the channel width is big enough), where mixing of the
components of both composite elements takes place.

The results are the basis for the continuation of metal-ceramic
composite materials’ research, i.e. mechanical properties or
tribological wear behaviours.
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