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[ Abstract] C/SiC composites were prepared by precursor pyrolysishot pressing, and the effect of fiber characteristics

on the fracture behavior of the composites was investigated. Because the heat treatment temperature of fiber T 300 ( below
1500 C) was much lower than that of fiber M40JB (over 2000 C), fiber T300 had lower degree of graphitization and
consisted of more impurities compared with fiber M40JB, suggesting that T300 exhibits higher chemical activity. As a re-

sult, the composite with T 300 showed a brittle fracture behavior, which is mainly ascribed to a strongly bonded fiber/ ma-

trix interface as well as the degradation of fibers during the preparation of the composite. However, the composite with

M40JB exhibits a tough fracture behavior, which is primarily attributed to a weakly bonded fiber/ matrix interface and

higher strength retention of the fibers.
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1 INTRODUCTION

Fiber-reinforced ceramic composites have attract-
ed great attention for being used in high-temperature

2l This is mainly

structural applications recently! "
due to the assumption that the strong fibers can pre-
vent catastrophic fracture behavior in ceramics by
providing various energy-dissipation processes during
crack spread, and many reports have demonstrated
the potential of this approach*™ '

Carbon fibers, which are available at much lower
cost than other ceramic fibers, possess excellent prop-
erties such as low density, high strength and high
modulus at high temperature, so carbon fiberrein-
forced ceramic matrix composites have been recog-
nized as candidates for advanced structural materials
in aerospace applications. There are several methods
to fabricate fiber/SiC composites, such as chemical
vapor infiltration (CVI) Le.71, slurry infiltration com-
bined with hot-pressing'®®", polymer impregnation
and porolysisl """ and reaction sintering, etc.

It is well known that a weak fiber/ matrix inter
face is preferred in order to obtain high-performance

[+ 131, and the in-

fiber-reinforced ceramic composites
terfacial bonding strength is related to the microstruc
ture of the fibers and matrix as well as fabrication
processes. Since there are some types of carbon
fibers, which show different structures, it can be ex-
pected that these carbon fibers may show different be-

havior in ceramic matrix composites. In this paper,
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two types of typical carbon fibers are selected to pre-
pare C¢/ SiC composites, and effect of fiber character
istics on the fracture behavior of the composites is in-
vestigated.

2 EXPERIMENTAL

The high-strength fibers for this study were
M40JB ( higher modulus) and T300 ( lower modu-
lus). The composites were fabricated by precursor
First, unidirectional fiber
aligned perform tapes were prepared by infiltrating

pyrolysishot pressing.

the fibers with a slurry consisting of ®SiC, polycar
bosilane ( PCS), sintering additives ( Y203 and
AlO3) and xylene in a ratio of 48% SiC: 40% PCS:
7% Y203 5% Al,O3 ( mass fraction), and winding
slurry-infiltrated fibers onto a mandrel. After drying,
the prepared tapes were cut, stacked and prepressed
into compacts. The compacts were then hot pressed
for 1h under a pressure of 25MPa at 1800 C in a
flow ing argon atmosphere. The fiber volume fraction
of the composites is about 0. 5.

Bulk densities of the composites were measured
by the Archimedes principle. Flexural strength and
interlaminar shear strength were determined using a
three point-bending test on bars of 3mm X 4 mm X
35mm with a span of 30 mm and 15 mm, respective
ly. The cross-head speed was 0. 5 mm/ min. For frac
ture toughness, a single-edge-notched-beam ( SENB)
test was applied on notched bars of 2. 5mm X 5 mm X
35mm with a span of 20mm and a cross-head speed
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of 0.05mm/ min. The notch was 0.3mm in width
and 2. 5mm in depth. Characterization of the mi
crostructure of the fibers and fractographs of the com-

posites were performed by HRTEM and SEM, re

spectively.
3 RESULTS AND DISCUSSION

Table 1 lists the densities and mechanical proper
ties of the composites with fiber M40JB ( C1) and
T300 (C2). It can be seen that the flexural strength
and fracture toughness of composite C1 are much
higher than those of composite C2, indicating that
fiber M40JB is more suitable as reinforcement in C¢/
SiC composites than fiber T300. Fig. 1 shows the
load —displacement behavior of the composites. Com-
posite C2 fails in an obvious brittle mode. In con-
trast, the load —displacement behavior of composite
C1 is markedly norrlinear, indicating that composite
C1 fails in a nomrbrittle mode. Considering that the
fiber/ matrix interface plays a key role in controlling

(13141 4nd the com-

the properties of the composites
posites are prepared under the same conditions, it is
believed that the great difference in mechanical prop-
erties can be rationalized on the basis of the difference
in the characteristics of fiber/ matrix interfaces,

which depends primarily on the microstructure of the

fibers.

Table 1 Properties of composites with
fiber M40JB or T 300

5 : Shear Flexural Fracture
Fiber Density
3, strength strength toughness

type /(g em™") "/MPa  /MPa /(MParm"?)

Composite

31.5% 421.6% 14.9%
Gl MAOIB 2,39 3.4 30.8 1.7

38.9% 285.7% 8.4k
Cc2 T300 2.32 4.1 28.3 2.3

It is well known that carbon fibers are of tur-

[15]

bostratic structure' ', which is mainly related to the

heat treatment temperatures. Because the heat treat-
ment temperature of M40JB (over 2000 C) is much
higher than that of T300 ( below 1500 C), M40JB
has a higher degree of graphitization compared with
T300, which is indicated by XRD patterns of the car
bon fibers as shown in Fig.2. In general, carbon
fibers with lower degree of graphitization exhibit

higher chemical activity, such as chemical reactions.
Fig. 3 shows the HRTEM micrographs of the fibers,
which also confirmed that fiber M40JB has a much
higher degree of graphitization than T300. It is also
known that fibers treated at lower temperatures con-
sist of more impurities (such as N, O, H), which are
left during the pyrolysis of the precursors, than those
treated at higher temperatures. So it is reasonable
that the impurities in the fibers will affect the micro-
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Fig. 1 Load —displacement curves of
composite C1 (a) and C2 (b)
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structure and properties of the fibers during the
preparation of the composites.

The relationship between the heat treatment
temperature and tensile strength of the fibers treated
in argon atmosphere is given in Fig. 4. It is found
that M40JB treated at 1800 C for 1h has a higher
strength retention ratio (over 85%) compared with
T300 which onlv has a strength retention of ratio
56% . Since the decrease of tensile strength in the
fibers is mainly ascribed to the graphitization of amor-
phous carbon in fibers, it is reasonable that the higher
retention of strength in the case of M40JB is primarily
attributed to the higher degree of graphitization.
However, in the case of T300, both the lower degree
of graphitization and reactions of impurities with car
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Fig. 3 HRTEM images of fibers
(2) —M40JB; (b) —T300
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Fig.4 Tensile strength of fibers as
function of heat treatment temperature

bon at high temperature led to the lower retention ra-
tio of strength. Based on the results above-men-
tioned, it can be concuded that T 300 exhibits a high-
er chemical activity than M40JB. In other words,
fiber M40JB is stabler than T300 at elevated tempera
ture.

From the fact that T300 possesses a higher
chemical activity than M40JB, it can be proposed that
fiber T300 was strongly bonded to the matrix and
fiber M40JB was weakly bonded to the matrix in the
composites. This can be confirmed by the differences
in fracture behavior (Fig. 1 and Fig.5) and the dif-

ferences in interlaminar shear strength (Table 1).
The two different models for bonding of the matrix to
the fiber yarns are given in Fig. 6, which illustrates

the w eakly bonded fiber/ matrix interface in composite

(a)

Fig. 5 Fractographs of composite C1 (a)

and C2 (b)
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Fig. 6 Models for bonding of matrix to

fiber yarns
(&) —M40JIB; (b) —T300
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C1 and the strongly bonded fiber/ matrix interface in
composite C2. As a result, the composite with
M40JB exhibites tough fracture behavior (Fig.5
(a)), suggesting better mechanical properties. On
the contrary, the composites with T300 exhibits a
brittle fracture behavior ( Fig. 5(b)), indicating poor
mechanical properties. It is also shown that highly-
graphitized carbon fibers are more suitable to be used
as reinforcement in C¢/ SiC composites.

4 CONCLUSIONS

1) T300, compared with M40JB, has lower de-
gree of graphitization and consists of more impurities,
which can be explains by the lower heat treatment
temperature. So, T 300 exhibits a much higher chem-
ical activity than M 40]JB.

2) The composite with M40JB exhibits a tough
fracture behavior, which is mainly attributed to the
weakly bonded fiber/ matrix interface and the higher
strength retention ratio of the fibers. However, the
composite with T300 shows a brittle fracture behav-
ior, which is mainly ascribed to the strongly bonded
fiber/ matrix interface as well as the degradation of
the fibers.

3) Difference in fracture behavior of the compos-
ites is primarily attributed to the fiber characteristics,
which are strongly dependent on the heat treatment
temperature.
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