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Abstract: In this paper, using TiH,, BN and B,C as raw materials, reactive
hot-pressing method is proposed to produce TiB,-TiC,ysNy.s ceramic composite.
In the produced TiB,-TiC,sNgs composite, very fine (in general, 10 nm)
TiC, sNys precipitates are found dispersed in TiB, grains by using SEM and
TEM. The mechanism of the formation of this kind of structure and how to
control it by processing design and its influence on the properties of the material

are worth further study.

1 INTRODUCTION

With good properties, such as high melting point,
superhardness, good stability and good electrical
conductivity, TiB, and Ti(C,N) ceramics are can-
didates for cutting tools, wear resistance materials
and electrode materials.'”

Being used as cutting tools, the hardness of
TiB, is higher than that of Ti(C,N), but on the
other hand the friction factor of Ti(C,N) to the
material to be cut, such as steel, is greatly reduced
by containing nitrogen, which is good for cutting.
By combining TiB, and Ti(C,N) as composite ma-
terials, the advantages of the two can be adopted.
Having studied it for years, Watanabe et al
achieved good results and considered it as a
prospective cutting tool material.>> They used a
two-step process, i.e. produced TiB, and Ti(C,N)
powders first, mixed them in a composition and
then hot-pressed® or pressureless sintered them.*
Pressureless sintering reduces the manufacturing
cost. In this paper, a one-step process, or reactive
hot-pressing method was used. The reaction is as
follows:%7

9Ti+2BN+2B,C — STiB,+4TiCosNys (1)

In the composite ceramics prepared according
to this reaction, the volume content of TiB, is 62
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vol% and that of TiC, Ny is 38 vol.%. Using this
method, the step of composing raw materials was
omitted and the processing was simplified, result-
ing in a greatly reduced cost. This paper focuses
on the preparation of the material and its mi-
crostructural characteristics.

2 EXPERIMENTAL PROCESS

Using powders of TiH, (99-5% pure, particle size
<45 pm), BN (99-3% pure, B,O; 0-44%, Na,O
0-14%, average particle size 1 um) and B,C (99-8%
pure, particle size 5-8 um) as raw materials, the
burden calculation was in accordance with reac-
tion (1). 2 wt% Ni powder (<0-1 um) was added
to improve sintering. Ball milled by Al,O; balls in
alcohol for 12 h, the mixed powder was dried and
hot pressed at 1850 °C, 25 MPa in vacuum for 30
min. A disc with a diameter of 70 mm and thick-
ness of 5 mm was finally obtained.

The disc was cut into specimens by electrical
discharge machining (EDM). After grinding and
polishing, the final size was 2-7 X 4-7 X 35 mm.
The density was obtained by liquid displacement.
The phase composition was analysed by XRD. The
Vickers hardness was tested with a load of 20 kg.
The flexural strength was tested by three-point
bending method (the span was 20 mm and the
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Table 1. Properties of TiB,~Ti,;N,s ceramic composite produced by hot pressing
Relative Vickers Bending Fracture Electrical Phase
density hardness strength toughness resistance compaosition
(%) (GPa) {MPa) {(MPa . m"?) {1 - cm)
This study 97.0 25 435 + 66-8 6-44 + 0-51 15.9 TiB,, TiCosNgys
Watanabe et al. >89 205 4 — TiB,, TiCo5Ny 5
(TiCosNo.s-
30 wt% TiB,)
v TiB, v
* Ti(C,N)

26/(°)

Fig. 1. XRD pattern of TiB,-TiCysN,s ceramic composite
produced by reactive hot pressing.

loading speed was 0-5 mm/min). The fracture tough-
ness Kjc was tested by SENB method (2 X 4 X
20 mm, notch width < 0-2 mm, depth about 1-:6 mm,
load speed 0-5 mm/min). The electrical resistivity
was also measured. The value for each of the prop-
erties was the average of five figures and is listed
in Table 1. For comparison, the results obtained
by Watanabe et al.? are also listed. To analyse the
microstructure, SEM, TEM and HREM were used.

3 RESULTS AND DISCUSSION

Figure 1 is the XRD pattern of the composite ce-
ramics. It can be seen that there are only TiB, and
TiC,sN,.s and no other phases, indicating the high
temperature reaction was in accordance with reac-
tion (1).

Fig. 3. TEM photograph of a TiB, grain, showing platelet
precipitates of TiCysNo.s.

Figure 2 is the SEM photograph of the polished
surface, in which the heavy grey phase is TiB,, the
light grey phase is TiC,sN,s, the bright phase is
Ni and the dark region corresponds to the pores.
It can be seen that the size of TiB, grains are gen-
erally larger than those of TiC, N, and the addi-
tive Ni is distributed in the triple junctions. More-
over, inside the TiB, grains, many very fine
TiC,sN,.s particles are distributed. It is clearer in
the TEM photograph that platelets of TiCy Ny
precipitated in TiB, grains (Fig. 3). The sizes of
the TiC,sN s precipitates are of the order of some
10 nm. Williams et al®° have always found the
platelet precipitates of TiC of some nanometers in
TiB, and ZrB, single crystals caused by the addi-

Fig. 2. SEM photograph of polished surface of the TiB,-TiC,sNys composite, heavy grey phase is TiB,, light grey phase
is TiCy 5N s, bright phase is Ni and the dark region is pores.
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Fig. 4. HREM picture of a TiC, sN,, s precipitate in TiB, grain.

tive (C, for example). They suggested that the pre-
cipitates can improve the property of creep resis-
tance of a single crystal of TiB, or ZrB,. However,
in composite ceramics, the precipitates of TiCysN.
in TiB, grains are obviously coarser. The influence
of this kind of precipitate structure on the proper-
ties of the composite requires further study.

Figure 4 is the HREM picture of a TiCy ;N
precipitate, which shows the co-growth phe-
nomenon of TiCysN, precipitate and TiB, ma-
trix. It then can be suggested that the mechanisms
of the formation of the composite microstructure
are as follows.

At high temperatures, B, C and N are dissolved
in Ti melt. When their respective solubilities come
up to saturation level, the corresponding phase be-
gins to be crystallized:

Ti(1)+2B — TiB(s)
Ti(l) + 3C + IN — TiCysNys(s)

It is estimated that TiCysN,s precipitated from
TiB, grains may be the result of the crystallization
of the two phases in Ti melt at the mean time.
However, the detailed mechanism of the forma-
tion of this structure and how to control it need
further study.

4 CONCLUSIONS

Using TiH,, B,C and BN as raw materials, TiB,~
TiC,.sN,.s composite ceramics can be fabricated by
reactive hot pressing. Additionally, by properly
adding C and B the ratio of the content of the two
phases and that of C/N in Ti(C,N) can be ad-

justed.” By microstructure analysis, it is found that
platelet TiCy N, crystals on the scale of 10 nm
precipitated in TiB, grains. The mechanism of the
formation of this kind of structure and its infl-
uence on the properties of the material are worth
further study.
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