Materials Science and Engineering A 527 (2009) 334-338

journal homepage: www.elsevier.com/locate/msea

Contents lists available at ScienceDirect

Materials Science and Engineering A

Siructural Mateials: Peopestis,
Mintrietine s Priceesng

Study on microstructures and mechanical properties of
short-carbon-fiber-reinforced SiC composites

prepared by hot-pressing

Xiulan He®*, Yingkui Guo?, Zemin Yu?, Yu ZhouP, Dechang JiaP

a Department of Materials Science and Engineering, Harbin University of Science and Technology, 52 Xuefu Road, Nangang District, Harbin 150040, China
b Department of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China

ARTICLE INFO ABSTRACT

Article history:

Received 18 April 2009

Received in revised form 2 August 2009
Accepted 4 August 2009

Short-carbon-fiber-reinforced silicon carbide composites were prepared by hot-pressing with SiC pow-
der, Polycarbosilane as precursor polymer and MgO-Al,05-Y,05 as sintering additives. The phase
composition, microstructure and mechanical properties of the composites with different Polycarbosilane
content were investigated. The results showed that, dense composites could be prepared at a relatively

low temperature of 1800 °C via the liquid-phase-sintering mechanism and the highest mechanical prop-
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erty was obtained for the composites with 20 wt.% PCS and 8 wt.% sintering additives. The amorphous
interphase formed during sintering process in the composites not only contributed to the densification
of the composites, but also improved the fiber-matrix bonding. The nano-silicon carbide derived from
Polycarbosilane, could also play a role of improving the relative density of the composites.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Silicon carbide (SiC) ceramic has attracted considerable inter-
est for applications in wide temperature range due to its excellent
properties at elevated temperatures, such as strength and modu-
lus, creep resistance and chemical stability [1]. Over the past years,
much attention has been focused on continuous fiber-reinforced
SiC-based composites.

These composites could be fabricated by chemical vapor infil-
tration (CVI), polymer infiltration and pyrolysis (PIP) and melt
infiltration (MI) methods [2-7]. However, because of the lengthy
applied cycles, much time is required in those methods to produce
a dense component, which may result in high-cost for even simple
shapes.

At present, because of easy adaptability to conventional
manufacturing techniques and low cost of fabrication, short-fiber-
reinforced composites will increasingly be used in a wide range
of application [8]. So it is more important to understand short-
fiber-reinforced composites mechanical properties, which depend
strongly on the interfacial bonding between fiber and matrix.
It is well known that the fiber/matrix interphase characteristics
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played a key role in controlling mechanical properties of the fiber-
reinforced composites. In particular, the interphase in fiber/ceramic
composite not only plays the role of transferring the load between
fiber and matrix, but also affects the fracture behavior of the com-
posites [9].

Polycarbosilane (PCS) had been widely used as a precursor poly-
mer for SiC fibers and fiber-reinforced composites. The technique
of fabricating ceramics by pyrolysis of organometallic polymers
has many possibilities in producing new materials. During hot-
pressing, the pyrolysis products from PCS mainly consist of some
[3-SiC microcrystalline as well as some amorphous Si-0-C, SiO,
and free C. The reaction of sintering additives with the pyrolysis
products from PCS can form the liquid-phase interphase, which
was distributed to the grain boundaries and fiber/matrix interphase
mainly in an amorphous form after sintering. So the degradation of
the carbon fibers, which was caused by high sintering temperature
could be avoided, and it was possible to obtain desire interfa-
cial bonding between fiber and matrix. In addition, the nano-SiC
derived from PCS could also play a role of improving the rela-
tive density of the composites [10]. So far, most works have been
published concerning the continuous fiber-reinforced SiC-based
composites [11-13]. However, report on the short-carbon-fiber-
reinforced SiC composites with PCS as precursor polymer is rather
limited and the effect of PCS on the property of the composites is
less clear.
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In the present work, short-carbon-fiber-reinforced SiC com-
posites with PCS as precursor polymer and MgO-Al,03-Y,03 as
sintering additives were prepared by hot-pressing. The effects of
PCS content on microstructures and mechanical properties of the
composites were investigated.

2. Experimental procedure
2.1. Fabrication of composites

PCS (National University of Defense Technology, Changsha,
China) was selected as the precursor, whose mean molecular
weight and melting point were 1375 and 215-236 °C, respectively.
Commercially available 3-SiC (Central Iron & Steel Research Insti-
tute, Beijing, China) was used as the starting powder, with an
average particle size of ~0.8 wm. MgO, Al,03 and Y503 (purity
>99.5%, Shanghai Factory of Chemical Reagent, China) were chosen
as the sintering additives and a standard additive composition of
67:16:17 (mol.%) Mg0:Al;05:Y,05 was used throughout. The aver-
age tensile strength and density of the carbon fiber used in this
study (Model TX-3, PAN-precursor, Elastic modulus =220 GPa, Jilin
Carbon Group Company Ltd., China) was 3.84 GPa and 1.76 g/cm?,
respectively. For all materials prepared, the carbon fiber volume
fraction of the composites was kept at about 20 vol.%. The compo-
sitions of materials are shown in Table 1.

The starting powder for the matrix components was prepared
by ball-milling of a submicron (3-SiC powder, PCS and various kinds
of sintering additives for 24 h in absolute ethanol using ZrO, balls.
The short-carbon-fibers (4-6 mm) were dispersed 0.5h in abso-
lute ethanol using the ultrasonic dispersing system (SKQ-2200),
then the SiC-PCS-additives solution was added to the suspension of
fibers. This suspension was further dispersed 0.5 h in the ultrasonic
dispersing system to obtain the final slurry. After drying, the pre-
pared mixtures were prepressed into compacts in a graphite die.
Finally, the compacts were hot pressed at 1800 °C under a pressure
of 20 MPa in Ar atmosphere (0.5 atm) for 1 h.

2.2. Characterization of composites

The bulk densities of the samples were measured accord-
ing to Archimedes’ principle with deionized water as immersion
medium. The flexural strength was determined using a three-point-
bending test on 3 mm x 4 mm x 36 mm bar with a span of 30 mm
and a cross-head speed of 0.5 mm/min. For fracture toughness,
single-edge-notched-beam (SENB) test was used with a cross-head
speed of 0.05mm/min and a span of 16 mm. The samples were
2mm x 4 mm x 20 mm?3 with the notch depth to samples thickness
of ~0.25 mm. For all the tests, five or six specimens were tested for
each batch of composites.

Characterization of the microstructure was performed by trans-
mission electron microscopy (TEM, Philips CM-12). In addition, the
samples for TEM were prepared using the procedures for ceramics.
First, thin foils with a diameter of 3 mm were cut and mechani-
cally ground to a thickness of 50-60 pm, then further thinned to
about 20 wm by dimpling, followed by ion-thing (Gatan-600) until
perforation. The fracture surfaces of the samples were observed

Table 1

The compositions of the composites.
Sample Additives (wt.%) PCS (wt.%)
S08P0 8 0
SO8P10 8 10
SO8P20 8 20
SO8P30 8 30
SO8P40 8 40
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Fig. 1. XRD patterns of the composites: (a) SO8PO0; (b) SO8P10; (c) SO8P20; (d)
SO8P30; (e) SO8P40.

by scanning electron microscopy (SEM, FEI Sirion, Holland). The
phases contained in the samples were identified by X-ray diffrac-
tometry (XRD, D/max-rB, Japan) with Cu Ko radiation.

3. Results and discussion
3.1. XRD patterns of the composites

Fig. 1 illustrates XRD patterns of the composites. The results
of XRD show that (3-SiC was identified as a main phase for all of
samples. In addition, a-SiC, Y503 and Y3Al;015 (YAG) were also
detected in the XRD results. a-SiC detected by XRD showed that
the starting powder [3-SiC might have undergone a phase transfor-
mation from {3 to a.

From the presence of YAG in this present work, it could be
concluded that the sintering mechanism in the composites is
the liquid-phase-sintering. Liquid-phase-sintered fiber-reinforced
SiC composite could reduce sintering temperature and avoid
the degeneration of the carbon fiber. In addition, according to
the Al,03-Y,03 phase diagram, there are three eutectic phases
between Al,03 and Y, 03, they are YAG (Y3Al5045), YAP (YAIO3)and
YAM (Y4Al;09). YAG is the lowest eutectic phase and its melting
point is about 1760 °C. It can improve sinterability and interfacial
strength between the fiber and matrix [14]. Therefore, the YAG
formed in this study would be beneficial to improve mechanical
property of composites.

In addition, there were some residual Y,03 in the composites.
One reason might be that there was no reaction between Y,03 and
SiC below 2000°C, the other reason was the amount of Al,03 was
about equal to that of Y,0s.

3.2. Microstructures of composites

Typical microstructures of the composite with different PCS con-
tent are represented in Fig. 2. It was apparent that several types of
interphases were identified in the composites. One was the direct
contact between the fiber and matrix (Fig. 2(a)). In generally, the
direct contact between the fiber and matrix in the carbon fiber-
reinforced composites will lead to the degeneration of carbon fiber
at high sintering temperature, and the toughing mechanism such
as interfacial debonding, fiber pullout to operate cannot be real-
ized in those composites. So the direct contact interface between
the fiber and matrix is often characterized as strong, and the strong
interfacial debonding tend to allow a crack to propagate straightly
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