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Abstract: The C/C–SiC composites were fabricated by
the liquid silicon infiltration method. The mechanical
and tribological properties of C/C–SiC composites were
assessed and compared based on different C/C densities
and the carbon fiber textile architecture. The results
demonstrated that the bending and shear strengths of
C/C–SiC were lower than those of C/C composites, which
resulted from the carbon fibers being corroded during the
process of infiltration of liquid silicon. In contrast to C/C
composites, the compressive strength of C/C–SiC exhib-
ited higher values due to the presence of SiC ceramics.
Moreover, the mechanical strength of C/C composites
increased gradually with the increase of the C/C preform
density. The tribological properties of various C/C–SiC
composites showed a stable friction phase at an inter-
mediate braking stage. When the density of C/C preforms
was around 1.78 g/cm3, the C/C–SiC composites exhibited
excellent friction coefficients (0.438 and 0.465), and low
wear rates (linear and weight wear rates were 0.450 µm/
time and 0.123 g/cycle, respectively). Furthermore, the
C/C–SiC composites fabricated with non-woven carbon
fiber needling preforms showed relatively a higher fric-
tion value and wear rate than those of C/C–SiC with
PANOF integral C/C preforms. Therefore, C/C–SiC compo-
sites have been considered promising friction materials
for braking system applications.
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1 Introduction

Carbon/carbon (C/C) composites exhibit low density, high
thermal conductivity, good shock resistance, low thermal
expansion, high modulus, and good wear properties [1].
Owing to these excellent properties, they are used as fric-
tion pads or rings for braking material systems [1,2]. How-
ever, active oxidation behavior is seen in C/C composites
at temperatures above 400°C; meanwhile, in combination
with the instability of the coefficient of friction (COF)
caused by humidity and temperature, it leads to material
failure and limits their service life [3,4]. Carbon fiber-rein-
forced carbon–silicon carbide matrix (C/C–SiC) compo-
sites have been initially developed in order to enhance
the oxidation resistance of C/C composites because SiC
ceramics exhibit improved oxidation protection for C/C
composites. Furthermore, the addition of SiC to C/C com-
posites not only retains the advantages of C/C composites
but also shows some superior properties, such as better
oxidation resistance, high thermal shock resistance, and
longer service life, especially lower sensitivity to surround-
ings and temperature [5–10]. Therefore, C/C–SiC compo-
sites have been considered promising candidates for brake
discs or pad applications.

The C/C–SiC composites are commonly fabricated by
the liquid silicon infiltration (LSI) process, in which
molten silicon impregnates porous carbon/carbon com-
posites and reacts with the carbon to form silicon carbide
[11]. As the porous C/C composite is a source for the pre-
paration of C/C–SiC composites by using the LSI process,
thus, the architecture of the properties of C/C–SiC com-
posites are highly dependent on the composition and
structure of porous C/C composites. However, a few stu-
dies concerning the effect of these factors (i.e., density,
porosity. and the architecture structure) on mechanical
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and tribological properties have been reported, and con-
sequently, only scarce information is available in the litera-
ture [12]. Zhang et al. [13] fabricated C/C–SiC composites by
using four kinds of needled C/C preforms with the same
fiber volume fraction and different pyrocarbon contents.
They found that the residual pyrocarbon content in the
C/C preforms has a great influence on the properties of
C/C–SiC composites; the flexural strength and shear
strength of the composites tend to gradually increase
as the amount of the residual pyrocarbon increases [13].
Meanwhile, they also found that the frictional properties
can be effectively controlled by the composition and the
phase content (SiC, Si, and pyrocarbon) [14]. Zhou et al.
have investigated the effect of the porosity of C/C preforms
and SiC contents on the tribological properties of C/C–SiC
composites that are fabricated by hybrid technology. The
friction coefficient increases, while the braking time andwear
rate decrease as the original preform density increases. This
difference has been demonstrated and is attributed to the
effect of the SiC content and porosity.

In the present work, the porous C/C composites with
different densities were prepared by hybrid technology
(chemical vapor infiltration and polymer infiltration pyr-
olysis), followed by the LSI process to fabricate C/C–SiC
composites. Additionally, the effects of the density of the
porous C/C composites and the architecture structure of
carbon fiber preforms on the mechanical and tribological
properties of C/C–SiC composites were evaluated.

2 Experimental procedures

2.1 Preparation of C/C–SiC composites

C/C–SiC composites were fabricated from porous C/C
composites by the LSI process in two steps: preparing
the porous C/C composite and subsequently the C/C–SiC
composite. First, C/C composites were prepared by chemical
vapor infiltration using carbon preforms with different
architectures. One is the non-woven needled carbon felt,
as shown in Figure 1a; the other is the PAN-based integral
felt (PANOF), as shown in Figure 1b. Then, C/C–SiC com-
posites were fabricated by the LSI method. The fabrication
process of C/C porous composites and C/C–SiC composites
are shown in Figure 2. The properties of the C/C and
C/C–SiC composites are listed in Table 1, which are labeled
using different capital letters. The C/C composites with a
high density (ca. 1.88 g/cm3, sample D) were fabricated by
hybrid methods for comparison.

2.2 Characterization

The open porosity and bulk density of the samples were
determined by the Archimedes method. The X-ray diffrac-
tion (XRD) patterns of the C/C–SiC composites were
recorded using an XRD (DLMAX-2550, Rigaku, Japan)
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Figure 1: Schematic diagram of non-woven fiber cloth carbon preforms (a) (1: 0° non-woven fiber cloth; 2, 4: short-cut fiber web; 3: 90° non-
woven fiber cloth) and PANOF integrated felt (b).
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equipped with monochromatic Cu Kα radiation in a reflec-
tion mode. The scan step size was 0.05° in the reflection
range of 10–80°. The surface and fracture microstructures
were observed using a scanning electron microscope
(SEM; HITACHI SU-1500, HITACHI, Japan).

The mechanical properties of C/C–SiC composites
were evaluated under bending, shearing, and compres-
sive conditions. The bending strength and shear strength
of the samples with dimensions 35mm × 4mm × 3mm
were determined using three-point bending with a span
of 30mm, while the samples with dimensions 10mm ×
10 mm × 10mm were used for determining the compres-
sive strength; they were measured on an MTS-CMT-4204.
The equations of bending ( )σf , shearing ( )τ , and compres-
sive strength ( )σc are presented as follows in equations
(1)–(3), respectively:

=σ FL
bh

3
2

,f 2 (1)

=τ F
bh

3
4

, (2)

=σ F
S

,c (3)

where F and L are the loading and the length of the sup-
port span, respectively, b and h represent the width and
thickness of the samples, respectively, and S denotes the
contact surface area of the samples during compression
testing.

The tribological properties of C/C–SiC brake mate-
rials were tested on an MM1000-Ⅱ999 disk-on-disk type
laboratory scale dynamometer test rig (Figure 3). Both
stators and rotors (i.e., counterpart) used for friction
testing are C/C–SiC specimens. The size of rotor speci-
mens is Φ 76–52 × 10mm (76mm in outer diameter,
52 mm in inner diameter, and 10mm in thickness), while
that of stator specimens is Φ 89–79 × 10mm (Figure 4).
The brake speed, brake pressure, and brake moment were
designed at 6,340 rpm, 1.04 MPa, and 0.1 kgm2, respec-
tively. During the experiment, the rotating velocity, brake
moment, and brake time were simultaneously recorded.
The thickness and mass of the rotating disc and the sta-
tionary disc were measured before and after braking

Figure 2: Schematic flow chart illustrating the preparation of C/C–SiC composites with different densities derived from porous C/C
composites.

Table 1: Properties of as-obtained C/C and C/C–SiC composites

Sample Architecture structure of porous C/C composites C/C composites C/C–SiC composites

Density (g/cm3) Porosity (%) Density (g/cm3) Porosity (%)

A PANOF integral felt 1.44 28.75 2.20 4.46
B 1.53 23.15 1.98 6.82 (4.82)
C 1.65 13.82 1.98 7.75 (4.85)
G 1.78 7.03 1.93 2.94
D 1.88 3.51 — —
E Non-woven needled carbon felt 1.45 26.33 1.99 13.87

Note: Samples A–E are used for characterization of mechanical properties, while samples A, C, G, D, and E are used for frictional and wear
experiments.
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tests, giving the corresponding linear and weight wear
rates, respectively. The aforementioned experimental tests
were repeated 20 times to obtain average values. The
coefficient friction (µ) was calculated according to the
following equation:

=

·

μ M
P R

,

where M is the braking torch, and P and R are the brake
pressure and mean radius, respectively.

3 Results and discussion

3.1 Phase analysis of C/C–SiC composites

The use of advanced characterization techniques such as
XRD helps to identify the type of phases and their

location in the microstructure [15]. The phase analysis
of C/C–SiC composites determined by XRD showed the
presence of silicon carbide, carbon, and unreacted silicon
phases (Figure 5). The face-centered cubic (β) polytype is
the main phase of silicon carbide. The carbon peak is
assigned to the carbon fibers and unreacted pyrocarbon.
The optical metallographic photos of C/C–SiC composites
(Figure 6) showed that the pyrolytic carbon in the CVI
carbon matrix was found around the carbon fibers
(Figure 6(b)), while the resin carbon was far away
from the carbon fibers (Figure 6(a)). A large number
of β-SiC grains forming from the siliconizing reaction
of liquid silicon and pyrolytic carbon can be observed
around the pyrocarbon and resin carbon (Figure 6(a));
thus, the residual silicon was wrapped by the SiC phase.
Additionally, regularly spaced segmentation cracks, micro-
delamination, could be observed in C/C composites (Figure
6(c)) [15]. Moreover, these cracks seem to provide a channel
for the infiltration of liquid silicon; after an initial reaction
between the carbon and silicon vapor, liquid silicon needs
to penetrate the already formed SiC layer so that the growth

Figure 3: Schematic diagram of the tribological testing machine: (1)
clamp nut, (2) inertial wheel, (3) bearing, (4) clutch, (5) rotor holder,
(6) rotor, (7) stator, (8) stator holder, (9) pressing cylinder, (10)
strap, (11) motor, and (12) lathe bed.

Figure 4: Schematic diagram of the testing specimen and counterpart: (a) stator specimen and (b) rotor specimen.

Figure 5: XRD patterns of the as-received C/C–SiC composites.
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of the SiC layer is controlled by the diffusion of silicon.
Thus, β-SiC grains stacked in the crack or micro-delamina-
tion sites were observed. Furthermore, a violent reaction
and a high number of nucleation sites led to the formation
of a fine-grained SiC with a high density of stacking faults,
which is consistent with the findings in previous work [16].

It is noted that highly localized, exothermic reaction
in combination with reduced heat conductivity causes a
local peak temperature (>2,000°C), which is high enough
to promote the β → α transformation [17,18]. Thus, the
peak diffraction corresponding to α-SiC was also found in
our prepared C/C–SiC composites.

3.2 Mechanical properties of C/C–SiC
composites

The mechanical properties (i.e., bending, shear, and
compressive strength) of C/C–SiC composites (samples
A–C and E) are listed in Table 2, compared to C/C com-
posites with high density (sample D). It was found that
C/C–SiC composites showed lower values of flexural strength

and shear strength after impregnation of silicon than those of
C/C composites with a high densification degree (sample D).
The decrease in the composite strength was probably related
to the carbon fibers being corroded by liquid silicon. Inter-
estingly, the compressive strength of C/C–SiC composites
exhibits higher values compared to that of C/C composites,
which was probably related to the formation of the SiC cera-
mics matrix.

By comparing samples A, B, and C, it was found that
the mechanical properties of the C/C–SiC increased with
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Figure 6: The structure image of C/C–SiC composites: (a) and (b) metallographic photos and (c) microstructure image of C/C–SiC
composites.

Table 2: Mechanical properties of C/C–SiC composites

Sample Bending
strength

Shear strength Compressive
strength

XY Z XY Z XY Z

A 62.1 24.8 15 7.5 180 138
B 70 30 20 8.5 190 150
C 75 33 22.5 9 240 180
D 90 45 27.5 15 178 160
E 200 180 45 38 200 —
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the increase of density of the porous C/C from PANOF
preforms. As the original C/C preform with high porosity
could provide more space for infiltration of liquid silicon,
a large amount of silicon was filled in the porous C/C
preforms with high open porosity during the LSI process,
leading to the formation of silicon carbide and excess
silicon. Meanwhile, due to the reaction of excess silicon
with carbon fibers, the strength of the C/C–SiC composite
decreased. Consequently, with a decrease in the density
and a corresponding increase in the porosity of the
porous C/C, the C/C–SiC composite prepared by LSI pre-
sents a lower strength. Therefore, the mechanical proper-
ties of sample A with the highest density of C/C showed
the lowest values.

Furthermore, the composites loaded in the XY direc-
tion exhibited higher strength values than those in the Z
direction, which is attributed to a higher volume fraction
of carbon fibers in the XY direction (Table 2). The flexural
morphologies of C/C–SiC composites are presented in
Figure 7; a higher amount of fibers’ pull-out was observed
in the fracture surface of the sample from the XY direction
as compared to that of the Z direction.

The corresponding stress–strain curves and morphol-
ogies are shown in Figure 8. Sample A showed brittle
fracture behavior, whereas samples C and D presented
ductile fracture behavior. This was consistent with the
SEM image: a uniform fracture surface was observed in
sample A, while a fiber pull-out was clearly visible in

Figure 7: Flexural morphologies of C/C–SiC composites. Sample A: (a) XY direction and (b) Z direction.

Figure 8: Flexural stress–strain curves and morphologies of samples: (a) sample A, (b) sample C, and (c) sample D.
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samples C and D. For sample A, due to the strong chemical
bonding between the SiC matrix and the pyrocarbon/
carbon fibers in the composite, the crack formed within
the SiC matrix could not be propagated and deflected. In
contrast, the weak interface cohesion between the pyro-
lytic carbon and the carbon fibers in C/C composites was
beneficial to transfer the loadings and deflecting the crack
around the carbon fibers, resulting in the fiber pull-out in
C/C composites.

Additionally, the effect of the carbon fiber preform
architecture on the mechanical properties of C/C–SiC is
also discussed. The stress–strain curves of C/C compo-
sites with different carbon fiber architectures are pre-
sented in Figure 9. The C/C–SiC composites fabricated
with non-woven fiber cloth needled porous C/C (sample
E) showed higher strength than that of the PANOF inte-
gral C/C (sample A). Moreover, from the flexural stress–-
strain curve, sample A presented typical brittle fracture
behavior (Figures 9 and 10), while sample E exhibited
typical non-brittle fracture behavior. Furthermore, the
shear and compressive stress–strain curve of sample E
showed an indication of pseudoplastic behavior. In the
compressive stress–strain curve, the stress loading as a
function of the strain of sample A followed a linear rela-
tionship and then suddenly decreased, whereas a non-

linear behavior occurring at the initial loading increased
linearly, and then the load gradually decreased after
reaching the peak of load. The higher values of strength
for sample E probably contributed to a higher carbon fiber
content in the resultant C/C–SiC composites (Figure 10).
As can be seen in Figure 10, the carbon fibers in sample E
were distributed more homogenously and stacked as com-
pared to that in sample A. Thus, the higher load can be
transferred in sample E due to the higher carbon fiber
content, which led to crack propagation and further
increased the displacement.

Furthermore, the optical photographs of the fracture
surfaces obtained from flexural loading are shown in
Figure 11. It shows that the fracture surface of sample A
was flat and uniform, whereas the typical fiber pull-out
was clearly visible in sample E, which can also confirm
the ductility behavior.

4 Friction and wear properties of
C/C–SiC composites

The friction and wear properties of C/C–SiC were tested
using a full-size aircraft wheel and brake assembly on a

Figure 9: The various composite stress–strain curves with different porous C/C composite architecture structures: (a) flexural stress–strain
curves, (b) shear stress–strain curves, and (c) compressive stress–strain curves.
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full-scale dynamometer. The COF (μ) of C/C–SiC discs
during the braking tests are shown in Figure 12. The fric-
tion and wear properties of samples A, C, G, D, and E are
listed in Table 3.

Figure 12 shows all COF curves that present a typical
saddle shape: a “pre-peak” at the initial stage of braking
and a rapidly increasing stage, a “tail peak” at the end of
braking; sample D did not show the phenomenon of “tail
peak” at the end of braking. Initially, the braking started
with a decrease in the speed, and the rough grains of the

sample surface were embedded mutually and generated
new abrasive particles due to the effect of the surface pres-
sure of the brake pairs. Thus, the sudden increase of the
COF would be observed in all samples. With the progress of
friction, the debris on the surface of the sample was rolled
into a friction film, the friction film could play a certain role
of lubrication, so that the friction force was reduced, with
the stability of the friction pressure, the dynamic friction
coefficient presented a stable feature, as shown in the inter-
mediate section of these curves. At the end of braking, the

Figure 10: The morphology of samples with different porous C/C composite architecture structures: (a) sample A and (b) sample E.

Figure 11: Typical optical macrographs and SEM morphology of the fractured C/C–SiC composites upon flexural loading test: (a) sample A
and (b) sample E.
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Figure 12: Braking curve of the friction coefficient and moment for samples A, C, G, and D, E. (a) Sample A, (b) Sample C, (c) Sample G,
(d) Sample D, and (e) Sample E.

Table 3: Friction and wear properties of samples A, C, G, D, and E

Sample Average
torque
(Nm)

Maximum
torque (Nm)

Torque
stability
coefficient (%)

Friction
factor

Static friction
coefficient

Linear
wear rate
(μm/time)

Weight
wear rate
(g/cycle)

Brake
time (s)

Absorbing
power per unit
area (W/cm2)

A 37.233 50.547 73.700 0.462 0.495 0.600 0.131 4.434 541.823
C 39.578 50.286 78.773 0.575 0.611 1.588 0.402 4.214 575.947
G 34.657 42.475 81.414 0.438 0.465 0.450 0.123 4.860 504.348
D 33.231 38.482 87.291 0.425 0.447 0.400 0.111 5.130 483.582
E 33.595 48.292 69.690 0.465 0.614 0.687 0.227 5.065 488.883
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high temperature caused by friction could lead to the
decomposition of the material and structural flaw; thus,
the COF increased in the final stage, which is commonly
called the “rise of the tail”phenomenon in the COF curves [19].

Comparing C/C–SiC (samples A, C and G, see Figure
12a–c, respectively) and C/C composites (sample D, see
Figure 12d), it was observed that the introduction of rigid
SiC could generate new abrasive particles, which led to
the increase in the surface roughness. Thus, the sharper
“first peak” of C/C–SiC composites was observed in the
COF curves as compared to that of C/C composites
(sample D). With the increase of the braking time, the
formation of the lubricant film resulted in constant COF
values for all samples. Furthermore, it is known that the
presence of SiC and Si in the composite matrix led to a
higher friction coefficient [20], thus samples A, C, and G
showed higher COF values (Table 3).

The effect of the density of C/C preforms on friction
characteristics of C/C–SiC composites was intriguing.
With a decrease in the density of the C/C preforms (sam-
ples A, C, and G), the content of silicon carbide and
silicon that infiltrated into C/C preforms increased, which
could increase COF values of C/C–SiC composites [14].
Thus, the rigid SiC phase works as a framework in
the samples to enhance the friction, leading to higher
average friction values (as shown in sample C). However,
sufficient amounts of SiC or SiC particles with a small
grain size might be pulverized as a layer of the frictional
film with the braking process, which plays the role of
lubricant, and thus the reduced friction coefficient can
be found in sample A as compared to sample C. Addition-
ally, studies have reported that graphite plays the role of
a lubricant, and a suitable amount of graphite is helpful
to form a friction film to reduce the wear rate; therefore,
the friction films were formed on the surface and increased
with the pyrolytic carbon content [21,22]. Thus, the higher
the residual pyrolytic carbon, the lower the COF values, as
shown in sample G as compared to sample C. Sample A
exhibited a lower friction coefficient and wear rate than
those in sample C, whichwas probably due to the presence
of enough SiC in sample A, which easily formed a SiC
lubricant film during friction testing.

For different fiber preform structures (samples A and
E), the friction torque of sample E fluctuated greatly in
the early stage and increased sharply in the later stage, as
shown in Figure 12e. The tribological performance of
sample A was better than that of sample E. The stability
of the friction torque of sample E was low, vibration
occurred in the friction process, and the process was
unstable. The specific reasons can be observed from the
friction and wear morphology analysis.

The friction and wear properties can be explained by
studying the morphology [23]. The wear-induced surface
microstructures of the C/C–SiC discs were investigated by
SEM, as shown in Figure 13.

The surface of sample A was found to be the most flat
(Figure 13a). This is because the SiC content of sample A
was the highest and distributed continuously and evenly.
Therefore, during the friction process, SiC was the main
bearing phase and formed a lot of friction chips. It also
filled around the SiC micro-convex body and these fric-
tion chips unshed formed the friction film, which is the
main cause to enhance the tribological properties; this
phenomenon belongs to adhesive wear. In contrast, the
scratch surface was found in sample C after friction
testing (Figure 13b), which was because the SiC content
in sample C was intermediate and mainly existed in the
form of large particles; it was easy to fall off and form
large abrasive particles during the friction process. In
terms of friction and wear performance, the friction coef-
ficient and wear rate were the highest. The surface of
sample G presented no scratches and formed a discontin-
uous friction film; this was because the SiC content
in sample G was the least and existed in the form of
small particles. So, in the process of friction, these small
SiC particles quickly formed a friction film with other
grinding chips; the friction coefficient was the smallest
but because of the existence of hard SiC small particles,
its wear rate was still higher than that of pure C/C com-
posites (sample D). The friction surface of sample D was
rough, the fiber morphology was clearly visible, and a
complete friction film was not formed. Therefore, the fric-
tion coefficient was slightly higher than that in sample G
but the wear rate was the lowest due to the graphite
carbon lubrication.

The effect of different preform structures (samples A
and E) on the morphology was compared. From Figure
13e, it can be observed that cracks and scratches caused
by grinding particles are distributed on the surface of
sample E after the friction test; the trace of the peeling
fiber parallel to the XY direction is seen in Figure 13e. This
is because the preform of sample E was non-woven
needled carbon felt, so the content of fiber was more in
the XY direction and was closely arranged. The content of
pyrolytic carbon among fibers was less. The interface
bond between the carbon fiber and pyrolytic carbon
was weak and it was easy to flake off. The carbon fiber
preform structure was easily damaged because the carbon
fiber was eroded by fused Si, which resulted in serious
surface wear of the sample. In addition, when the axial
fiber distribution was small, the axial thermal conductivity
was low, the surface heat dissipation of the sample was
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slow, and it was easy to produce a high temperature.
The molten Si caused by high temperatures easily adhered
to the mating plate; meanwhile, the molten substances
were pulled out by the shear stress, creating a hole on
the surface, as shown in Figure 13e. Therefore, higher
wear rates were seen in C/C–SiC composites with non-
woven needled C/C preforms (sample E, Table 3).

Comparing the analysis of friction and wear proper-
ties of C/C–SiC composites with the same C/C porous
composite density and different carbon fiber preform
structures, it was found that the friction coefficient of
C/C–SiC composites with PANOF integral felt wasmoderate,

the friction process was more stable, the braking time was
shorter, the wear rate was lower, and the overall tribolo-
gical performances were better, as well as the main wear
mechanisms were abrasive.

In this article, the friction and wear properties of
C/C–SiC composites have been studied. In the future,
the friction and wear properties of C/C–SiC composites
shall be studied in the real application environment, for
example, automobile brake discs. In addition, new fabri-
cation methods of C/C–SiC brake discs could be adopted
to reduce the influence of residual silicon, shorten the
preparation cycle, and reduce the cost.

Figure 13: The surface micro-morphology of samples after friction testing ((a–e) correspond to samples A, C, G, D, and E, respectively).
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5 Conclusion

1) The determined mechanical strength (i.e., bending,
shear, compressive strength) of C/C–SiC composites
are proportional to the density of porous C/C pre-
forms. Furthermore, the bending and shear strengths
of C/C–SiC materials were shown to be lower than
those of C/C composites, which are attributed to the
degraded strength of carbon fibers during LSI proces-
sing. In contrast, the compressive strength between
C/C–SiC and C/C composites in XY and Z directions
showed that higher values were found in loading with
XY directions in C/C–SiC composites and vice versa
with the Z direction.

2) The effect of architecture structures on the mechanical
properties indicated the C/C–SiC composites fabri-
cated with non-woven carbon fibers needling C/C
preforms posed superior mechanical properties than
those of PANOF integral felt structures. Moreover, the
latter showed pseudoplastic and ductile behavior,
while the former showed a brittle fracture.

3) The friction coefficient curve of C/C–SiC composites
exhibits a typical tribological behavior, showing a
“pre-peak” at the initial stage of braking and a rapidly
increasing stage “tail peak” at the end of braking.
Furthermore, the friction properties are strongly depen-
dent on the density of C/C preforms. The average fric-
tion factor of C/C–SiC composites first increases and
then decreases with the increase in the density of C/C
preforms. When the density of C/C preforms is around
1.78 g/cm3, the resulting C/C–SiC composites show high
friction coefficients (0.438 and 0.465), and low wear
rates (linear and weight wear rates are 0.450 µm/time
and 0.123 g/cycle, respectively). Additionally, the C/C–
SiC composites fabricated with non-woven carbon fiber
needling C/C preforms show relatively higher friction
values and wear rates as compared to those of PANOF
integral C/C preforms.
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