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Abstract

Currently, MMCs with SiC as reinforcement emerge as ideal candidates for long-term stable
devices withstanding high temperatures and harsh operating environments which are typical for
many industrial sectors, such as energy, aerospace, electronics, cataysis, etc. However, the
costly manufacture of such composites is the major restraint to make them marketable.

In this paper, highly-dense, nearly-shaped SiC/IrSi; composites effortless produced at T =
1250°C under a vacuum by reactive melt infiltration of liquid Si-62wt%lr eutectic alloy into
bimodal SiC,-C porous preforms, are presented. The replacement of unreacted detrimental Si by

a tougher and less oxidizing intermetallic phase (IrSis) was successfully obtained.

1. Introduction

The future of composite materials is extremely bright. In particular, advanced composites will
dominate in almost any industrial sector. Aerospace industry and energy production are just two
of the many market segments that will see a large increase in the use of ad-hoc designed
materials, with outstanding performance and long-term stability in operating at high temperature
and oxidizing environments.

To date, metal-matrix (MMCs) and ceramic-matrix composite materials (CMCs), in particular

SiC-based composites, meet the aforementioned requirements [1, 2], because the combination of
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their remarkable features, such as excellent thermo-mechanical properties, high wear resistance
and remarkable chemical stability in corrosive-oxidizing environments [3, 4].

Whether SiC is the matrix or present as reinforcing phase, it is a refractory material with
excellent properties strictly related to the strong covalent bond between Si and C. However, a so
strong covalent bond also represents an inconvenient in the SiC-synthesis and production.
Indeed, owing to low self-diffusion coefficient, by using conventional sintering process, it is
very difficult to obtain compact or at least highly dense SiC (reduced porosity). Moreover,
sintered SiC is a costly product manufactured in limited simple geometries cause the severe
operating conditions required (> 1800°C, 10-40 MPa) [5-9]. In order to solve this technological
problem, alternative processes have been proposed and developed such as reactive infiltration
[10-12] and chemical vapor infiltration (CVI) [13-15]. In particular, the reactive infiltration of
carbon (C) or SiC-based preforms by liquid silicon (Si), named Reaction Bonded Silicon
Carbide (RBSC), allows to fabricate highly-dense, shaped and cost-less SiC at lower
temperatures (1450—1600°C) than conventional ones, and without applying any external pressure
or using additives [16—19]. Despite these advantages, the main drawback of these products is the
presence of unreacted Si (5-25vo0l%) compromising the overall mechanical performance of the
composite. The replacement of such metal phase with intermetallic compounds (silicides) like
MoSi, [20], WSi; [21], CoSi, [22,23] or ZrSi;, [24], has recently gained attention in developing
structural composites as candidates for extremely high-temperature applications. As
demonstrated, the mentioned composites, easily manufactured by reactive infiltration, were
exhibiting a good thermo-mechanical performance and microstructural long-term stability
combined with oxidation resistance [25].

In this context, even if limited to some “niche” applications, Iridium (Ir) and Ir-silicides arise as
new and suitable alternative constituents worthy to be investigated as Si-replacement phase in
RBSC process. In fact, Ir exhibits a unique set of properties almost meeting the key requirements
in a wide range of highly demanding applications [26], such as the high melting temperature
(2446°C) [27], high specific strength at high temperature, remarkable oxidation and corrosion
resistance. To now, Ir is already used in catalysis [28,29], to manufacture high temperature
crucibles, for dental implants and jewellery, for sensors [30] and electronic devices working at
high temperatures (dimensionally stable anodes) [31]. Ir is used also as hardening agent for other
metals, (such as Pt [32]) and multicomponent alloys [33]. As reported by [34, 35], in its massive
state, Ir is not soluble in acids, salts, does not reacts with C to form carbides, shows negligible C-
solubility and it is virtually impenetrable by oxygen up to T = 2370°C. Therefore, Ir is

successfully used as coating material for various substrates acting as a chemically stable oxygen
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diffusion barrier even at high temperature [36-39]. Similarly, Ir-Si system and Ir-silicides, show
improved thermo-mechanical properties [40] and consequently, enhanced oxidation resistance
[41,42]. Additionally, going back to composites, the Si, Ir and SiC coefficients of thermal
expansion (CTE) [43-45], are almost comparable. The thermal-compatibility among the
constituent phases is crucial in predicting, in a composite material, catastrophic failure caused by
thermal expansion mismatch.

In this paper, the successful synthesis of highly dense SiC/IrSi; composite materials by reactive
infiltration of liquid Si-62wt%lr eutectic alloy (Si-19.5at%lr) [46] into bimodal SiC,-C preform
is presented as main achievement. In particular, SiC/IrSi; were cost-less obtained at T = 1250°C
and under a vacuum. In addition, a careful analysis of infiltration kinetics as a function of the
actual operating conditions, interfacial phenomena observed and related microstructure
development was performed. In order to evaluate the viability of the selected route, the results
obtained are compared with those of produced SiC/Si composite material using the same

procedure.

2. Experimental details
2.1. Materials

The SiC-C preforms used in this work were kindly provided by Petroceramic [47] as plates with
dimensions of 25x25x5 mm. These preforms consist of a bimodal mixture of a-SiC particles
(SiC,), with particle sizes of 36.5 and 4.5 um, incorporated into a C-matrix. SiC,-C preforms
were prepared by mechanically mixing o-SiC, with phenolic resin (10wt%). The mixture was
uniaxially pressed under a P = 140 MPa and at T = 150°C with resulting melt of the resin was
melted and a strong cross-linking between a-SiC particles. The obtained green body was
subsequently pyrolyzed under a N, atmosphere at T = 700°C. During pyrolysis, the resin turned
into C and a porosity was created inside the sample due to gas releasing of volatile products.
Prior to the experiments, the SiC,-C preforms (12x12x3 mm) were further thermally treated up
to T = 1500°C to remove residual volatile compounds. In Table 1, the main characteristics of the

SiC,-C preform used in this work are detailed.

Tab. 1. Main characteristics of SiC,-C Petroceramic preform.

The apparent density and He-density were accurately measured. As a result of three different
measurements, apparent density in the range of 2.10-2.20 g/cm’ and a He-density of 3.10 g/cm’

were obtained, resulting in a porosity of 30.6%. Additionally, by Hg-porosimetry technique, the
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pore size and the porous distribution were determined (see Table 1). In Table 1 the composition
of each constituent is also reported. The composition was determined by thermo-gravimetric
analysis (TGA) technique, under an inert atmosphere (N) in the range of T =25-900°C. The role
of C is twice: as binder and as reactant/precursor in the production of additional SiC during
reactive infiltration with liquid Si or Si-based alloys. In Figure 1, the microstructure and
composition of the as received SiC,-C preform, analyzed by SEM/EDS and X-ray diffraction,
respectively are shown. By SEM analysis, two granulometries of SiC particles are well
distinguished (light gray) as well as the C phase surrounding the SiC particles (black). As
resulting by XRD analysis, a-SiC (as a mixture of the 4H and 6H polytypes) is the only

crystalline phase detected in the preform.

Fig. 1. As received SiC,-C preform: a) SEM image and b) XRD pattern.

The Si-62wt%]Ir alloy samples (from now Si-Ir eutectic alloy), eutectic composition, were
prepared by mixing high purity Ir and Si (99.98%-Goodfellow®). Eutectic alloy samples were
produced with a weight of 50.0 mg for infiltration experiments. The alloy samples were
produced by arc melting technique under an atmosphere of Ar (N60, O, < 0.1 ppm). Before the
arc melting of Ir-Si alloys, the residual oxygen content inside the chamber was reduced by
melting a Zr drop. To ensure the homogeneity of the alloy composition, the melting of every
single Ir-Si sample was repeated 3 times. The as produced Ir-Si composition was checked on
cross-sectioned sample both by SEM (to reveal eutectic microstructure) and XRD (to detect the

phases) as shown in Figure 2.

Fig. 2. As-produced Si-62wt%lr eutectic alloy by arc melting: a) SEM image at the cross-section and b)
XRD pattern

2.2 Procedure and method

The goal of this experimental work is the study of the infiltration kinetics of both liquid Si and
Si-Ir eutectic alloy into SiC,-C porous preforms (see section 3). For infiltration experiments, an
induction horizontal furnace was used and described in detail elsewhere [23,48].

Prior to the experiments, the metal sample was rinsed in ethanol + US and residual powder from
the SiC,-C preform was removed by compressed air.

At room temperature the Si/SiC,-C and Si-Ir eutectic alloy/SiC,-C couples were placed on a
graphite plate/sample holder, introduced into the furnace and located at the central part of the

heater. Once leveled the sample at horizontal plane, in order to remove any contaminant from the
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experimental environment, the chamber was degassed under a vacuum (down to 10 Pa) for two
hours.

The metal sample/substrate couple was heated under a vacuum by a 800 kHz high frequency
generator coupled to a graphite susceptor ensuring an experimental surrounding atmosphere with
reduced oxygen content (PO, < 10° Pa). During all the experiments, the temperature was
monitored by a pyrometer, previously calibrated by detecting the melting temperature of high
purity metals (Sn, Al, Au, Cu, Si and Ni).

The infiltration experiments were performed by contact heating sessile drop method. The
temperature was risen up to the testing temperature with a rate of 5°C/s. The selected
temperature was kept constant until the complete infiltration of the preform, then the samples
were “quenched” (cooling rate 10°C/s) to preserve the new formed interfaces and infiltrated
microstructure. The evolution of infiltration experiments was monitored in real time and
recorded (10 frames/sec) by a high resolution camera connected to a computer with an image
analysis software ad hoc-developed (ASTRAVIEW®) [49]. The software allows the automatic
acquisition of contact angles and drop geometric variables in real time (R-base radius and H-
height). By analyzing such geometric variables as a function of time, is possible to follow the
kinetics of infiltration with a great accuracy.

Owing to the different melting temperatures [46], (T = 1414°C for pure Si and T = 1222°C for
Si-Ir eutectic alloy), different isothermal conditions for Si and Si-Ir eutectics infiltration
experiments into SiC,-C preforms were selected. Specifically, the testing temperature of T =
1450°C for Si/SiC,-C and temperatures of T = 1250°C and T = 1350°C for the Si-Ir eutectic
alloy/SiC,-C, were imposed. At the end of the infiltration experiments, the samples were
removed from the furnace, embedded into epoxy resin, cross-sectioned and metallographically

mirror polished for microstructural characterization by SEM/EDS and XRD techniques.

3. Results and discussion

As already introduced, the present study aims to identify the mechanism mainly governing the
infiltration of SiC,-C preforms: either driven by chemical reaction or by fluido-dynamics.
Firstly, it is important to note that infiltration of SiC,-C preforms with both metal materials, pure
Si and Si-Ir eutectic alloy, took place spontaneously and complete infiltration of SiC,-C
preforms was rapidly achieved. On the other hand, since the C content in this preform is quite
low (4.7wt%), porosity and pore diameter should not substantially change during infiltration.

In order to define the main driving force governing infiltration, a careful analysis of infiltration

kinetics is necessary to be performed. As reported by [52], the infiltration kinetics can be
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analyzed by following the evolution of the height of infiltration (% inf) (i.e. infiltration depth),
usually described by linear, parabolic or other laws [53,54]. It is possible to calculate /4 inf by
assuming that a spherical cap geometry of the molten drop is preserved during infiltration
process. This basic assumption enables to analyze the infiltration kinetics by simply following
the behaviors of contact angles and drop geometrical parameters such as the drop base radius (R)
and the h-drop height (%) as a function of time (see Figure 4). By using the following equation 2,

it is easy to calculate the emerging drop volume (/) as a function of time.

h
V= %( 3Rz% + h2) )

By knowing the initial volume of the drop (V)), the infiltrated volume (77,), can be calculated as:

Ving = Vo=V (3)

Similar infiltration studies on C/Al-Si [55] and C/Ni-Si [56] systems are reported in literature,
where the abovementioned description and interpretation of the results was applied.

In particular, this model describes the infiltrated volume accordingly to a shape of a truncated
cone (as shown in Figure 3), where the bottom diameter takes a flat shape, which corresponds to
the drop base diameter at the beginning of the infiltration process (Dy = 2Ry). In addition, the

upper diameter of the infiltrated area is equal to the final base diameter (Df = 2Ry).

Fig. 3. Schematic drawing of the drop with the infiltrated area at the beginning and at the end of the
infiltration process [55, 56].

According to equations describing a truncated cone and knowing material porosity (a.), the

infiltration height (%;,) can be calculated as a function of time as follows:

By () = — > Viny 4)
M aep \m (R? 4+ Ry? + RRy)

As mentioned above, the infiltration experiments were performed on SiC,-C preforms, by
infiltrating pure Si at T = 1450°C and Si-Ir eutectic alloys at T = 1250°C and T = 1350°C, as
shown in Figure 4. The evolution of advancing contact angle and drop geometric parameters (H-
drop height and R-drop base radius) are reported from the drop melting until its complete

infiltration into SiC,-C porous preforms.
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Fig. 4. Evolution of contact angles and drop geometric variables (R-drop base radius and H-drop height)
recorded within the infiltration experiments performed on SiC,-C/Si at T = 1450°C and SiC,-C/Si-Ir
eutectic alloy at T = 1250°C, 1350°C; a) evolution of contact angle, b) evolution of normalized drop
height and c) evolution of normalized base radius, d) stages in the evolution of the normalized base
radius.

At first glance, the infiltration of SiC,-C by pure Si (at T = Tm + 30°C) occurred faster (one
order of magnitude) than Si-Ir eutectics at T = 1250°C (= 30°C above the melting point). As
expected, the temperature strongly influenced the infiltration process is strongly temperature-
dependent, since the increase of 100°C in the testing temperature (at T = 1350°C, see Figure 4a
and 4b) substantially increases of ~ 7 times the infiltration time required for the complete
infiltration: t = 25 sec at T = 1350°C and t = 170 sec at T = 1250°C. In addition, 2 stages are well
distinguished in the infiltration kinetics (see Figure 4d). Within the first (I stage), the drop radius
increased up to a maximum value due to capillary forces and consequently an enlargement of the
infiltration front in terms of R (Ry < R < Ry) was observed where Ryax = Rg. At the maximum
value of drop radius, a second phenomenon is observed (II stage), where the radius decreased
progressively due to the appearance of hydrodynamic action [57]. Interactions between the
molten drop and the porous substrate strongly influence the kinetics of each stage. Several
studies performed on metal infiltration into porous substrates [58,59] already reported about the
presence of two competitive processes observed during the first stage: drop spreading process

and infiltration process, as shown in Figure 5.

Fig. 5. Scheme of competition between spreading and infiltration and related shape of the drop during
infiltration process. Uy, = spreading rate and Uj,¢ = infiltration rate.

In Figure 6, as further evidence, the time sequence for the mentioned infiltration experiments, by
collecting the more significant recorded images, is shown. It is important to note that molten
drops preserved a regular spherical cap shape through all the infiltration process. Moreover, the
kinetics of spreading clearly varied upon the infiltrating material and temperature. In the case of
the Si-infiltration, absence of drop spreading was observed (U,,, << U, case b, as shown in
Figure 5).

On the contrary, analyzing the alloy behavior, the competition between spreading and infiltration
is more pronounced (U, = U, case ¢, as shown in Figure 5) since the maximum radius is higher

than the initial equatorial radius.

Fig. 6. Images of drop profiles recorded during infiltration experiments performed on SiC,-C preforms
with: a) Si at T = 1450°C, b) Si-Ir eutectic alloy at T = 1350°C and c) Si-Ir eutectic alloy at T = 1250°C.
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In order to well interpret the different behaviors observed, a study of infiltration kinetics was
carried out using the model presented in equation 4. Figure 7 shows the evolution of emerging
drop volume (V), infiltrated volume (V) and height of infiltration (/;,) as a function of the
experimental conditions. As it can be seen, infiltration kinetics (%;,s (2)) are well described by
linear equation, thus deviating from the Darcy’s parabolic law [60, 61]. In the experiment carried
out with pure Si at T = 1450°C, a weak deviation from linearity was observed within the first 3
seconds, cause the drop movements during the melting (see time sequence reported in Figures 6a
and 7a) and delay in taking its spherical shape, mainly due to the presence of a layer of native
SiO, oxide. The agreement between infiltration kinetics and linear law description of the

phenomenon, is typical of interactions process mainly dominated by chemical reaction [60-62].

Fig. 7. Evolution of drop emerging volume (V), infiltrated volume (Vi,), and height of infiltration (h;,y)
for experiments performed on SiC,-C porous preforms by infiltrating: a) and b) pure Si at T = 1450°C; c)
and d) Si-Ir eutectic alloy at T = 1250°C and e) and f) Si-Ir eutectic alloy at T = 1350°C. The linear
equation and standard deviation are inserted.

Different equilibria/chemical reactions occuring within the infitration process, at early-stage at
the surface and following at the pore walls, drive the continuous advancing of infiltration of the
metal phase into the SiC,-C preform [63]. In particular, during the interaction between the Si
melt phase and the preform, the reaction between C and Si took place producing as reaction
products SiC and Ir-silicide (IrSi3). In addition, in contact with melt Si phase, the primary SiC
underwent to dissolution and re-precipitation (secondary SiC) as documented by [64]. Moreover,
it is worth to be mentioned that Si and Si-based alloys well wet SiC [65]. Finally, the reaction
kinetics is increased in the case of pure Si, being C-solubility in liquid Si very low and saturation
quickly achieved [66].

In Figure 8, SEM images of the cross-sectioned Si-infiltrated sample at T = 1450° C are shown.

Fig. 8. BSE images of the microstructure after the infiltration of SiC,-C preforms by pure Si at T =
1450°C: a) global infiltration area and b), ¢) and d) details of the resulting microstructure at higher
magnifications in particular of infiltrated area 1 and 2.

Analyzing the infiltration front in Figure 8, two different infiltrated microstructures can be
observed (area 1 and area 2, see Figure 8b). In particular, in the area 1 (Figure 8c), unreacted Si
is still present (bright phase) surrounding the SiC particles. In parallel, as shown in Figure 8d,
absence of unreacted Si is detected at the border of the infiltration front. However, a higher
degree of SiC,-consolidation by newly produced SiC is evident, might be given by reaction

between C and evaporated/condensated Si from the area 1. This evidence, together with the
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linear behavior of infiltration height as a function of time, let us to state that the reactivity is the
main phenomenon driving infiltration process. The same conclusion might be predicted when the
infiltrating material is Si-Ir eutectics. The final microstructure of SiC,-C infiltrated with liquid
Si-Ir eutectic alloy at T = 1250°C is shown in Figure 9. Owing to comparable size, it is not
possible to distinguish between pre-existing SiC particles and new produced and growth SiC
crystals by the reaction between Si and C during infiltration process [23]. A further evidence that
infiltration was driven by reaction even for Si-Ir eutectic alloy, is the resulting activation energy.
To calculate activation energy, some kinetic parameters need to be preliminarily determined,
such as the infiltration rate (Uy). In Table 2 the values of infiltration rate (U,,), spreading rate
(Usprea) and their ratio itself, as a function of temperature and the metal material used, are

reported.

Fig. 9. BSE images of SiC,-C preform microstructure infiltrated with liquid Si-Ir eutectic alloy at T =
1250°C. a) global microstructure of infiltrated area and b) detail of the infiltration front at higher
magnification.

Tab. 2. Kinetic parameters (Ujinfiltration and Ugyeq-spreading rates) calculated for infiltration
experiments of SiC-C preforms with pure Si and Si-62wt.% Ir alloy, carried out at T = 1450°C, T =
1250°C and T = 1350°C, respectively.

Since the infiltration kinetics is linear with the time, the infiltration rate U,y (= dhj,, /dt) 1s
constant and equal to the slope of 4,/ (¢). The spreading rate U,y, (= dR/dt), was calculated by the
slope of the quasi-linear area of the curve R(t). Two aspects are deserving to be highlighted: as a
first, the infiltration rate is greater of one order of magnitude than the value reported for graphite
infiltrated with Ni-Si system [52] even though the permeability is lower. Another important
aspect deserving attention, although the tortuosity is greater than the value reported in [52], in all
cases the infiltration rate is comparable or even higher than the spreading one. By using
Arrhenius equation and calculating infiltration rate of Si-Ir eutectic alloy into SiC,-C preform for
two different temperatures, a value of the activation energy Ea;,r = 330 kJ/mol is resulting. The
calculated Ea is in a good agreement with values reported around few hundred kJ/mol on
reactive infiltration processes previously studied [46]. This range of Ea values discriminates
between infiltration process driven by chemical reaction respect to infiltration driven by viscous

resistance where the activation energy is usually resulting around tens of kJ/mol [67].

3.2 Microstructural characterization of the as produced composites

As aforementioned in the previous sections, SiC/Si and SiC/IrSi3 composites were produced by

Si and Si-62wt.% Ir eutectics infiltration into SiC,-C preforms at T = 1450°C and T = 1350°C,
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respectively. In both cases metal infiltration took place spontaneously and complete infiltration
of preforms were achieved within a dwell time of less than 5 min. At the end of the infiltration
process, samples were removed from the furnace and abraded to remove the exceeding metal
material.

As a first, the density of the as produced composites was measured: 2.80 + 0.05 g/cm’ for SiC/Si
and 6.35 + 0.19 g/em® for SiC/IrSis, resulting in residual porosity of 4.9% and 6.4%,
respectively.

SEM analyses on the cross-sectioned composite materials were performed. The microstructures
of the as produced SiC/Si and SiC/IrSi; composites are shown in Figure 10 at different
magnifications. At lower magnification, a high-dense microstructure with limited porosity is the
first evidence: the pre-existing pores were completely filled by metal material. Furthermore, no
evidence of cracks or interface detachments between the matrix and reinforcement were
detected, demonstrating excellent thermal compatibility between the phases.

Focusing on SiC/Si composite, by SEM/EDX (see Figures 10a and 10b), and X-ray diffraction
(see Figure 11a), SiC (dark grey) and Si (bright) phases were detected. In addition, absence of

unreacted C was either detected.

Fig. 10. SEM analyses (retro-scattered electrons) of cross-sectioned composite materials: a) and b) SiC/Si
produced at T = 1450°C; and ¢) and d) SiC/IrSi; produced at T = 1350°C.

Regarding SiC/IrSi; composites, three different phases were detected by XRD (Figure 11b): SiC,
Si and IrSi3. SiC particles with three different sizes: 36.5, 4.5 and 1-2 um (see Figures 10c and
10d). The SiC particles with lower size were produced during infiltration process (secondary
SiC) by reaction of Si with C. In the area surrounding the SiC particles, a Si-IrSis eutectic phase
is detected. Finally, as for SiC/Si, a residual porosity is still present into SiC/IrSi; produced
composite.

As a general conclusion, both produced composites show a highly-dense isotropic

(homogeneous) microstructure, key features to obtain high thermo-mechanical response.

Fig. 11. X-ray diffraction patterns of composite materials: a) SiC/Si produced at T = 1450°C and b)
SiC/IrSi; produced at T = 1350°C

4. Conclusions
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For the first time, the feasibility to infiltrate SiC,-C porous preforms (bimodal SiC particles
bonded by C) by pure Si and Si-62wt%]lr eutectic alloy was successfully tested. For both the
metal phases, the infiltrations of SiC,-C preforms took place spontaneously and highly-dense,
nearly-shaped SiC/Si and SiC/IrSis composites were effortless produced. The presence of free C
as bonding phase played a key role in driving the reactivity and kinetics within infiltration
experiments. Since C is on the pore wall (bonding the bimodal SiC-particles) both infiltrations
processes were mainly governed by SiC formation at the infiltration front.

Taking into account that:

1) the infiltration kinetics is well described by linear law;

2) the resulting activation energy is 330 KJ/mol;

3) highly consolidated SiC particles is observed by the appearance of secondary SiC;

let us to conclude that the infiltration process is mainly driven by reactivity.

However, the higher infiltration rate measured respect to similar experiments performed by
infiltrating Si and Si-based alloys into porous graphite, together with the irregular infiltration
fronts observed, suggests that capillarity and viscous forces might play a concomitantly role.

To better understand the overall infiltration process, a parallel investigation on the interactions at
Si-Ir alloys/C-based materials interfaces by studying the wettability and spreading kinetics as a

function of operating conditions is ongoing.
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Table

Property Value Unit
Density Apparent density 2,10-2,20 g/em’
Helium density 3,10 g/em’
Porosity Porosity (d.r) 30,6 %
Medium pore diameter 1,3 pum
Composition Silicon carbide (a-SiC) 95,3 wt.%
Carbon binder (C) 4,7 wt.%

Tab. 1. Main characteristics of SiC,-C Petroceramic preform.



Table

Metal T (°C) Uinr (um/s) Uesp (um/s) Uing / Uesp
Si 1450 375,0 334 11,2
Si-62wt.%lIr 1250 12,1 7,0 1,73
Si-62wt.%Ir 1350 60,1 49,2 1,22

Tab. 2. Kinetic parameters (Uj,-infiltration and Ug,q-spreading rates) calculated for infiltration experiments

of SiC-C preforms with pure Si and Si-62wt.% Ir alloy, carried out at T = 1450°C, T = 1250°C and 1350°C,
respectively.
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New advanced SiC-based composite materials for use in highly oxidizing environments: synthesis
of SiC/IrSi3

Antonio Camarano, Javier Narciso, Donatella Giuranno

Figures

Fig. 1. As received SiC,-C preform: a) SEM image and b) XRD pattern.

Fig. 2. As-produced Si-62wt%lr eutectic alloy by arc melting: a) SEM image at the cross-section and b)
XRD pattern

Fig. 3. Schematic drawing of the drop with the infiltrated area at the beginning and at the end of the
infiltration process [55, 56].

Fig. 4. Evolution of contact angles and drop geometric variables (R-drop base radius and H-drop height)
recorded within the infiltration experiments performed on SiC,-C/Si at T = 1450°C and SiC,-C/Si-Ir eutectic
alloy at T = 1250°C, 1350°C; a) evolution of contact angle, b) evolution of normalized drop height and c)
evolution of normalized base radius, d) stages in the evolution of the normalized base radius.

Fig. 5. Scheme of competition between spreading and infiltration and related shape of the drop during
infiltration process. Uy, = spreading rate and Uj,¢ = infiltration rate.

Fig. 6. Images of drop profiles recorded during infiltration experiments performed on SiC,-C preforms with:
a) Siat T = 1450°C, b) Si-Ir eutectic alloy at T = 1350°C and c) Si-Ir eutectic alloy at T = 1250°C.

Fig. 7. Evolution of drop emerging volume (V), infiltrated volume (Vi,), and height of infiltration (hy,) for
experiments performed on SiC,-C porous preforms by infiltrating: a) and b) pure Si at T = 1450°C; c) and d)
Si-Ir eutectic alloy at T = 1250°C and e) and f) Si-Ir eutectic alloy at T = 1350°C. The linear equation and
standard deviation are inserted.

Fig. 8. BSE images of the microstructure after the infiltration of SiC,-C preforms by pure Si at T = 1450°C:
a) global infiltration area and b), c) and d) details of the resulting microstructure at higher magnifications in
particular of infiltrated area 1 and 2.

Fig. 9. BSE images of SiC,-C preform microstructure infiltrated with liquid Si-Ir eutectic alloy at T =
1250°C. a) global microstructure of infiltrated area and b) detail of the infiltration front at higher
magnification.

Fig. 10. SEM analyses (retro-scattered electrons) of cross-sectioned composite materials: a) and b) SiC/Si
produced at T = 1450°C; and ¢) and d) SiC/IrSi; produced at T = 1350°C.

Fig. 11. X-ray diffraction patterns of composite materials: a) SiC/Si produced at T = 1450°C and b)
SiC/IrSi; produced at T = 1350°C

Tab. 1. Characteristics of SiC,-C Petroceramic preform
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Tab. 2. Kinetic parameters (Uj,~infiltration and Us,eq-spreading rates) calculated for infiltration experiments
of SiC-C preforms with pure Si and Si-62wt.% Ir alloy, carried out at T = 1450°C, T = 1250°C and T =
1350°C, respectively.



