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Abstract

Using TiH,, Si and B,C as raw materials, a platelet-
reinforced ceramic composite of TiB~TiC-SiC was
prepared by reactive hot-pressing. The product has
three phases: TiB, (in plate-like shape), TiC and B-
SiC. The microstructural characteristics of the com-
posite were observed by scanning electron microscopy
and the phase chemistry was analysed by energy-
dispersive X-ray analysis. The mechanical properties
of the composite were also determined. © 1996
Elsevier Science Limited.

1 Introduction

In the ternary system of TiB,-TiC-SiC, the binary
composites of TiB,~TiC, SiC-TiB, and SiC-TiC have
better mechanical properties than the corresponding
monolithic ceramics. Furthermore, de Mestral and
Thevenot reported that the mechanical properties
of TiB,~TiC-SiC ternary composites are better than
those of the above three binary composites.!
Ceramic composites prepared by reaction tech-
niques exhibit several advantages when compared
with conventionally processed ceramics.? The main
advantages are low-cost raw materials, simple pro-
cessing and the ability to produce special microstruc-
tures and mechanical properties in the resulting
materials. In the ternary system of TiB,~TiC-SiC,
SiC-TiB, composites were prepared by in situ syn-
thesis of TiB, in a SiC matrix from the reaction
of TiN and B or TiO,, B,C and C** or TiC and B’
or TiH,, Si and B,C.® Ti(C, N)-SiC composites were
prepared by the reaction of TiC and Si;N, when
TiN was added.” TiB,-SiC composites were prepared
by the reaction of TiH,, Si and B,C.® Recently,
TiB,-TiC composites were fabricated by liquid infil-
tration of titanium into a B,C preform at 1600
1800°C in an Ar atmosphere® and titanium-boron—
carbon composites with plate-like Ti;B, phase by
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transient plastic phase processing (TPPP) using Ti
and B,C as starting materials.'°

In consideration of the low oxidation resistance
of TiB,~TiC composites, SiC was thought to be an
effective additive. Therefore, a series of TiB,~TiC~
SiC ternary composites was prepared by reaction
synthesis, which was reported in a previous paper."!
This present paper presents the preparation process
and the microstructure of the composite ceramics
produced by reactive hot-pressing according to the
following reaction:

TiH, - Ti + H, T
4Ti + 0-5Si + 1-5B,C — 3TiB, + TiC + 0-5SiC (1)

The volume contents of the phase composition
according to the above reaction are 71-52% TiB,,
18.79% TiC and 9-68% SiC.

2 Experimental Procedure

The starting powders were TiH, (purity 99-5%, parti-
cle size <45 um), Si (purity > 99%, particle size
<45 um) and B,C (purity 99%, particle size 5-8 um).
The stoichiometric powders were mixed in alcohol
with WC-Co balls for 4 h in a nylon pot and then
dried. The composite was fabricated by reactive hot-
pressing in a graphite die with BN coating at 2000°C
under 30 MPa for 60 min in an Ar atmosphere.
Figure 1 shows the temperature and pressure as a
function of time in the process of reactive hot press-
ing. As shown in the plot, there is a 15 min stage
at the temperature of 1500°C in order to give enough
time for chemical reaction, then the pressure was
gradually applied. Otherwise, if the pressure was
applied too early and too fast, some metal melt
would flow out of the die.

The product was electrical-discharge machined to
specimens and then ground and polished. Phase
composition was determined by X-ray diffraction
(XRD). The water displacement method was used to



1146 G. J. Zhang et al.

2500 60
~ 2000} 50
& =
~ —40 o
‘;’ 1500 S
§ 30 2
8 1000 2
§ - —H20 3
B ool a

e 10
| ! ! ! ] 0
0 30 60 90 120 150 180 210
Time (min)

Fig. 1. Reactive hot-press control showing the temperature
and pressure as function of time.

test the density. Fracture toughness was determined
using the single-edge notched beam (SENB) method
(three-point bending, just broken from the notch);'
the specimen size was 2 X 4 X 20 mm, the notch
width was <0-2 mm and the notch depth was about
1-6 mm, and the crosshead speed was 0-5 mm min".
Fracture strength was tested using the three-point
bending method; the specimen size was 3 X 4 X
36 mm and the crosshead speed was 0-5 mm min™'.
The microstructure of the composite was examined
by scanning electron microscopy (SEM). Energy-
dispersive X-ray analysis (EDAX) associated with
SEM was used to-determine phase chemistry.

3 Results and Discussion

According to the XRD patterns shown in a previ-
ous paper,'! there are only TiB,, TiC and B-SiC in
the composite, indicating that the high-temperature
reaction was in accordance with reaction (1).
Actually, reaction (1) is a sum of the two following
reactions:

3Ti + B,C — 2TiB, + TiC Q)

Ti + 0-5Si + 0-5B,C — TiB, + 0-55iC  (3)

The above two reactions were almost finished at
1350°C after 30 min in an Ar atmosphere,®!* and
TiB, and TiC or TiB, and B-SiC were formed.

The properties of the composite are listed in
Table 1, in which each value is an average of five
or six measurements. Table 1 shows that a dense
body can be obtained by reactive hot-pressing
under the present sintering condition, and the
mechanical properties of the composite are satis-
factory.
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Fig. 2. SEM photograph of the composite. The grey phase is
TiB,, white phase TiC and dark phase B-SiC.

Figure 2 is an SEM photograph of the polished
surface of the composite, in which the grey phase is
TiB,, the white phase is TiC and the black phase
is B-SiC. It can be seen from the picture that TiB,
phase is generally plate-like in shape, and the phases
are not uniformly distributed. This kind of micro-
structure can be attributed to the coarse particle
size of the starting powders and the dispersion pro-
cess of the starting powders. Therefore, the micro-
structure of the composite can be improved by the
use of finer starting powders and a more effective
dispersion process.

Figure 3 presents the EDAX spectra of TiB,,
TiC, B-SiC and the whole area in Fig. 2. No Si
was detected in the TiB, phase indicating that
there is no reaction between TiB, and SiC. However,
Si and Ti were detected in TiC and SiC, respec-
tively, revealing that there is a reaction between
the TiC and SiC and solid solutions formed.
These results are consistent with the investigation
of de Mestral and Thevenot.'

It can also be seen from Fig. 2 that the TiB,
platelets grew very well in TiC-rich regions, as shown
in Fig. 4(a), and grew relatively imperfectly in SiC-
rich regions, as shown in Fig. 4(b). According to
results reported for the TiB,/SiC system prepared
by reaction (3), the SiC phase was converted from
the previously formed TiC phase and the TiB, phase
was quasi-spherical in shape.® Therefore, it is sug-
gested that the formation of TiB, platelets is closely
related to the existence of the TiC phase, and the
existence of the SiC phase prohibited the growth
of TiB, platelets. Details of this phenomenon will
be reported after further investigation.

In TiB,-rich regions, the growth of TiB,
platelets was prohibited and, if the agglomeration

Table 1. Properties of TiB,-TiC-SiC platelet composite

Relative density Fracture strength Fracture toughness Phase
(% of theoretical ) (MPa) { MPa m'?) composition
690 + 018 TiB,, TiC, B-SiC

99-8 680-5 + 69-3
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Fig. 3. EDAX spectra of (a) TiB,, (b) TiC, (c) SiC and (d) the whole area in Fig. 2.
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Fig. 4. The shape of the TiB, phase in different regions: (a) TiC-rich region; (b) SiC-rich region.

region of TiB, was large enough, quasi-spherical composite and/ or reducing the TiB, content will help
TiB, particles were formed, as shown in Fig. 5. This the growth of TiB, platelets, and better mechanical
means that good distribution of each phase in the properties of the composite may be obtained.
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(b)

Fig. 5. Effect of TiB, agglomeration on the shape of the TiB, phase: (a) in TiB,-rich region; (b) in a large agglomeration region
of T1B2

4 Conclusions

A platelet-reinforced ceramic composite of TiB,-
TiC-SiC was prepared by reactive hot-pressing
using TiH,, Si and B,C as starting materials. The
growth of TiB, platelets was different in different
regions of the composite. The platelets grew very well
in the TiC-rich regions and imperfectly in the SiC-
rich regions, with agglomeration of TiB, prohibiting
the growth of TiB, platelets. Additionally, the EDAX
results show that there is no reaction between TiB,
and SiC while there is reaction between TiC and SiC,
forming solid solutions. The mechanical properties
of the composite are satisfactory.

Acknowledgement

This work was supported by the National Natural
Science Foundation of China (NSFC), Grant No.
59502008.

References

1. de Mestral, F. & Thevenot, F., Ceramic composites:
TiB,-TiC-SiC, Part I. Properties and microstructures in
the ternary system. J. Mater. Sci., 26 (1991) 5547-5560.

10.

11.

12.

13.

. Claussen, N., Janssen, R. & Holz, D., Reaction bonding

of aluminum oxide (RBAO). J. Ceram. Soc. Jpn, 103
(1995) 749-758.

. Tani, T. & Wada, S., SiC matrix composites reinforced

with internally synthesized TiB,. J. Mater. Sci., 25 (1990)
157-160.

. Tani, T. & Wada, S., Pressureless-sintered and HIPed

SiC-TiB, composites from SiC-TiO,-B,C-C powder com-
pacts. J. Mater. Sci., 26 (1991) 3491-3496.

. Ohya, Y., Hoffmann, M. J. & Petzow, G., Sintering of in-

situ synthesized SiC-TiB, composites with improved frac-
ture toughness. J. Am. Ceram. Soc., 75 (1992) 2479-2483.

. Zhang, G. J., Yue, X. M,, Jin, Z. Z. & Dai, J. Y., In-situ

synthesized TiB, toughened SiC. J. Eur. Ceram. Soc., 16
(1996) 409-412.

. Kamiya, A. & Nakano, K., Reaction synthesis of SiC-

reinforced Ti(C,N) composites from TiC and Si;N,. J.
Mater. Sci. Lett., 12 (1993) 430-432.

. Zhang, G. ]., Jin, Z. Z. & Yue, X. M., Reaction synthesis

of TiB,-SiC composites from TiH,-Si-B,C. Mater. Lett.,
25 (1995) 99-100.

. Lee, S. K., Kim, D. H. & Kim, C. H., Fabrication of

TiB,/TiC composites by the directional reaction of titanium
with boron carbide. J. Mater. Sci., 29 (1994) 4125-4130.
Barsoum, M. W. & Houng, B., Transient plastic phase
processing of titanium-boron—carbon composites. J. Am.
Ceram Soc., 76 (1993) 1445-1451.

Zhang, G.J.,, Jin, Z. Z. & Yue, X. M., TiB,-Ti(C,N)-SiC
composites prepared by reactive hot pressing. J. Mater.
Sci. Lett., 15 (1996) 26-28.

Zhang, Q. C., Mechanical Properties of Ceramic Materials,
Science Publisher, Beijing, China, 1987, pp. 376-377.
Zhang, G. J., In-situ reaction synthesis of TiB,~Ti(C,N)-
SiC composites. PhD thesis, China Building Materials
Academy, Beijing, China, 1995.



