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Abstract: With the TiB,—SiC powders after spray granulation and vacuum calcination as raw materials, the TiB,—SiC
coating was prepared by supersonic atmospheric plasma spraying (SAPS). The effects of spraying power and spraying
distance on the properties of the TiB,—SiC coating were investigated and the fabrication processing of SAPS was
optimized. The results show that the sprayed powders after calcination have a uniform particle size distribution, good
sphericity and enhanced fluidity. The coating prepared by the calcined powders has a dense structure and high
deposition efficiency. When the calcined TiB,—SiC powders are used and the spraying power is 95 kW and the spraying
distance is 150 mm during supersonic plasma spraying, the obtained TiB,—SiC coating behaves the best comprehensive
performance with the porosity, microhardness, bonding strength and resistivity equal to 5.6%, 3.57 GPa, 18.3 MPa and
10.8 mQ-cm, respectively.
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1 Introduction

TiB, is an ideal inert wettable cathode material
with high hardness, high melting point and good
electrical conductivity. SiC has good chemical
stability and high temperature stability, and its
thermal expansion coefficient is 4.4x10°K™,
which is less than 7.8x10° K™! of TiB, and is closer
to 2.0x10® K" of graphite. The addition of SiC to
TiB, coating will produce small thermal mismatch
and reduce the possibility of microcrack initiation,
thus inhibiting the formation and propagation of

cracks in the TiB,-SiC coating on graphite substrate.

At present, plasma spraying is mainly used to
prepare coatings, and plasma spraying is a very
complicated process, and each processing parameter
will be affected by each other. Therefore, the
spraying process parameters should be selected
reasonably to achieve the coating with high bonding
strength, good conductivity and high density [1,2].
TiB, coating has been served as a cathode material
of aluminum electrolysis [3]. In the composite
coating, the addition of SiC is very small, so the
performance of the TiB,—SiC coating is very close
to that of the TiB, coating. Therefore, the TiB,—SiC
composite coating can be also served as the cathode
material of aluminum electrolysis. It is necessary
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to optimize the plasma spraying process to prepare
TiB,—SiC coating with an excellent performance to
obtain a cathode material that can meet the
requirements of aluminum electrolysis.

There are many parameters affecting the
microstructure and properties of TiB,—SiC coating,
including the calcination of spray powders, the
change of processing parameters and the choice of
different spraying methods. The effects of spraying
parameters on the coating properties have been
studied [4—6]. The powders after spray granulation
is agglomerated by the bonding action of the binder,
and the bonding force between the particles is not
strong and the pores among the particles are large.
Therefore, the TiB,—SiC powders need to be
vacuum calcined to remove the organic binder. At
the same time, the large particles are connected
with the aggregated small particles [7—9], and the
strength of the TiB,—SiC agglomerated powders are
increased. Plasma spray parameters have a large
effect on particle velocity and particle temperature
during fabricating the coating [10—12].

In this study, TiB,—SiC powders were calcined
at high temperatures, and a dense TiB,—SiC coating
was prepared by supersonic atmospheric plasma
spraying (SAPS) with the calcined TiB,—SiC
powders. The processing parameters of supersonic
plasma sprayed TiB,—SiC coating were optimized,
and the influence of the spraying power and the
spraying distance on the performance of TiB,—SiC
coating was addressed especially.

2 Experimental

2.1 Vacuum calcination of TiB,—SiC powders

The spray-granulated TiB,—SiC powders were
vacuum calcined according to the temperature rise
curve of Fig. 1. The temperature was maintained at
300 and 500 °C for 2 h, respectively, to remove the
organic binder among TiB,—SiC particles [13]. The
TiB,—SiC large particles are bonded to small
particles by calcination at a high temperature of
1400 °C for 2h to increase the strength of the
TiB,—SiC powders. Thus, the calcined TiB,—SiC
powders have been obtained.

1400 °C

t/h

Fig. 1 Vacuum calcination curve of TiB,—SiC powders

2.2 Supersonic plasma sprayed TiB,—SiC coating
The 100HE supersonic plasma spraying
system was used to spray the calcined and
uncalcined TiB,—SiC powders, respectively, and the
effect of powder calcination on the properties of
TiB,—SiC coating was compared. The spraying
parameters are shown in Table 1. Though there are
many factors affecting the processing parameters in
the plasma spraying process, the spraying power
and the spraying distance are the most important
parameters to control the performance of the
coating. So this experiment mainly focused on these
two parameters and studied their influence on the
microstructure and properties of the TiB,—SiC
coating. The TiB,—SiC coating numbers under
different spraying parameters are shown in Table 2.

2.3 Performance characterization

The coating samples were cut with the
Secotom-15 precision cutting machine, inlaid with
CitoPress-5 semi-automatic inlay machine, and
polished with the Tegramin-30 semi-automatic
grinding and polishing machine. The morphologies
of the powders and the coating were observed by
Nova Nano SEM-430 (with EDS analysis) field
emission scanning electron microscope (SEM). The
phase structures of the powders and the coatings
were analyzed by D8 advance X-ray diffractometer
(Bruker, Germany). The K,-ray of Cu target was

Table 1 Parameters of supersonic atmospheric plasma sprayed TiB,—SiC coating

Spraying Spraying Ar flow/ N, flow/ H, flow/ Carrier gas Powder feed
power/kW distance/mm (L-min"") (L-min"") (L-min"") flow/(L-min"")  rate/(g-:min ")
95 150 40 34 11 14
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Table 2 TiB,—SiC coating numbers under different
spraying parameters

Distance/mm 55 kW 75 kW 95 kW
120 1 2 3
150 4 5 6
180 7 8 9

used as diffracted source, the scanning step was
0.02 (°)/s, and the scanning range of 20 was from
10° to 90°. Tensile method was used to measure the
bonding strength of the TiB,—SiC coating. The
coating sample and the counterpart were bonded
and fixed on the jig with adhesive, and the samples
were kept in the oven at 180 °C for 3 h, and then
the tensile test was carried out after cooling. The
ratio of the fracture force to the cross-sectional area
of the coating was the bonding strength of the
coating. The hardness of the TiB,—SiC coating
samples was measured and characterized by
MH-5D type Vickers microhardness tester, and the
resistivity of the coating was measured by RTS—5
type double electric measurement four-probe tester.

20 pm

The microstructure of the coating was observed by
Leica-Dmirm metallographic microscope. The
porosity was measured by the proportion of local
area pores in metallographic photos, which was
calculated by Image-pro Plus software.

3 Results and discussion

3.1 Effect of powder calcination on morphology

of TiB,—SiC coating

The microscopic morphologies of the calcined
TiB,—SiC powders are shown in Fig. 2. It can be
seen that the calcined TiB,—SiC powders have a
uniform particle size distribution and a dense
microstructure. The uncalcined TiB,—SiC powders
have small particle size and uneven distribution,
and contain many fine particles. The pores are large
and the sphericity is not high, as shown in Figs. 2(a)
and (c). The particle size of the calcined TiB,—SiC
powders is slightly larger than that of the
uncalcined TiB,—SiC powders, and the sphericity
of the calcined TiB,—SiC powders is obviously
improved, the particles are evenly distributed, the

Fig. 2 Morphologies of uncalcined (a, c¢) and calcined (b, d) TiB,—SiC powders: (a, b) Surface morphology;

(c, d) Cross-sectional morphology
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fluidity is enhanced, and the powder strength is
improved, as shown in Figs. 2(b) and (d).

Referring to the spraying parameters in
Table 1, the TiB,—SiC coatings prepared by the
calcined and uncalcined powders have been
obtained, and their microscopic morphologies are
shown in Fig. 3. It can be seen from Figs. 3(a) and
(c) that the TiB,—SiC coating prepared by the
uncalcined powders has a loose structure, a large
porosity, a certain degree of oxidation of the
coating, and an oxide layer including TiO,, B,0;
and SiO, distributed on the surface of the coating. It
can be seen from Figs. 3(b) and (d) that the
TiB,—SiC coating prepared by the calcined powders
has a dense structure, and the contents of the
oxidized particles are decreased on the surface of
coating and the oxidation phenomenon during the
spraying process is obviously retarded. From
Figs. 3(c) and (d), the thicknesses of the coating
fabricated by uncalcined and calcined powders
are 150 and 250 um under the same spraying
parameters, respectively, so the deposition
efficiency of TiB,—SiC coating prepared by

calcined powders is obviously higher than that
of TiB,—SiC coating prepared by uncalcined
powders.

3.2 Effect of powder calcination on performance
of TiB,—SiC coating

The phase structure and the EDS result of the
TiB,—SiC coatings are shown in Fig. 4. From the
XRD analysis of Fig.4(a), the main phase of
TiB,—SiC coating is TiB,, and the TiB,—SiC coating
prepared by calcined powders has no obvious phase
change with increase of the peak intensity and
larger crystallinity of TiB,—SiC phase compared
with the uncalcined powders. The reason why the
SiC phase cannot be detected may be that the SiC
sublimation is caused by the temperature of the
plasma flame current being too high during the
plasma spraying process, so that the SiC content in
the TiB,—SiC coating is reduced, and the SiC phase
cannot be detected. As shown in Fig. 4(b), it can be
seen from EDS spectrum that TiB,—SiC powder
coating with calcined powders through plasma
spraying is mainly composed of B, Ti, Si, C and

Fig. 3 SEM images of uncalcined (a, c¢) and calcined (b, d) TiB,—SiC coatings prepared by SAPS: (a, b) Surface

morphology; (c, d) Cross-sectional morphology
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Fig. 4 XRD pattern (a) and EDS spectrum (b) of
TiB,—SiC coating

other elements, indicating that SiC still exists in the
coating, although its content is too small to be
detected in XRD.

The basic physical properties of the TiB,—SiC
coating prepared from the uncalcined powders and
the calcined powders were characterized to further
analyze the effect of powder calcination on the
properties of TiB,—SiC coating. The results are
shown in Table 3. From the comparison of Table 3,
the comprehensive performance of the TiB,—SiC
coating prepared by the calcined powders is
significantly better than that of the TiB,—SiC
coating prepared by the uncalcined powders.

The porosity of the TiB,—SiC coating prepared
by calcined powders is significantly reduced. The

reason is that the uncalcined TiB,—SiC powders
have a low strength and are easily broken in the
plasma flame flow and cannot be stably heated in
the center of the flame flow, so the particles are
unevenly heated and pores are generated during
spraying. The mechanical properties of the
TiB,—SiC coating prepared by calcined powders are
also significantly improved. This is because the
bonding force between the particles in the
calcination process is changed from the binder
adhesion to the connection between the large and
the small particles. The bonding strength of the
calcined powders is high, the coating obtained by
spraying is uniform and compact, and the
mechanical properties have been improved [14].
According to Table 3, the porosities of TiB,—SiC
coatings prepared from uncalcined and calcined
powders are 11.3% and 5.6%, respectively. The
former is much higher than the latter. The
high porosity means high possibility of electron
scattering during the process of electron
transmission, which leads to a high resistivity. So
the resistivity of TiB,—SiC coating prepared by
calcined powders is slightly lower than that of the
coating prepared by the uncalcined powders.

In order to further study the effect of powder
calcination on the mechanical properties of
TiB,—SiC coating, the morphology of TiB,—SiC
coating after tensile fracture was analyzed in Fig. 5.
As shown in Fig. 5(a), many unmelted particles are
distributed in the pores in the TiB,—SiC coating
prepared by the uncalcined powders, making it
difficult to form a continuous molten TiB,—SiC
coating around the pores, resulting in stress
concentration of the coating. The TiB,—SiC coating
prepared by calcined powders has a good melting
morphology, consisting of molten particles and
semi-molten particles, and the surface is flat and the
coating is still dense, as shown in Fig. 5(b). It can
be seen from the cross-sectional morphology that
the pores are large and the cracks are generated in
the TiB,—SiC coating. Unmelted particles cannot
merge into the coating totally. Abrupt transitional
layer, rather than smooth transitional layer, appears

Table 3 Basic physical properties of TiB,—SiC coating prepared from uncalcined and calcined powders

Coating Porosity/% Microhardness/GPa Bond strength/MPa Resistivity/(mQ-cm)
Uncalcined 11.3 1.49 13.4 11.5
Calcined 5.6 3.57 18.3 10.8
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50 um

Fig. 5 SEM images of TiB,—SiC coating prepared by uncalcined (a, c¢) and calcined (b, d) powders: (a, b) Surface

morphology after stretching; (c, d) Post-stretched cross-section morphology

between the unmelted particles and the coating.
Due to the sudden change of the transitional change,
more unmelted particles will lead to more thermal
coefficient mismatch in the coating and leads to a
large thermal residual stress. Thus, the interface of
the TiB,—SiC coating prepared by the uncalcined
powers has a large thermal residual stress due to
more unmelted particles, and the cracks are formed
at the joint between the inside of the coating and the
coating/ substrate interface, as shown in Fig. 5(c).
The TiB,—SiC coating prepared by calcined
powders has a dense interface without obvious
cracking behavior. The bonding strength of the
TiB,—SiC coating prepared by the calcined powders
is slightly higher than that of the TiB,—SiC coating
prepared by uncalcined powders, as shown in
Fig. 5(d).

3.3 Effect of spraying process on microstructure
of TiB,—SiC coating
TiB,—SiC coatings under different processing

conditions were prepared, and the surface
morphologies are shown in Fig. 6. It can be seen
that the TiB,—SiC coatings prepared under different
processing conditions have different melting states
and surface oxidation degrees.

The effect of the spraying power on the surface
morphology of TiB,—SiC coating is compared
longitudinally in Fig. 6. It is found that when the
spraying power is 55 kW, the coating melted poorly,
and there are more unmelted and semi-molten
particles, more pores without obvious oxidized
particles on the surface, as shown in Figs. 6(a, d, g).
When the spraying power is 75 kW, the melting
effect of the coating is improved, but some
semi-molten particles and unmelted particles are
still generated, and the surface is slightly oxidized,
as shown in Figs. 6(b, e, h). When the spraying
power is 95 kW, the coating is in a molten state,
consisting of molten particles and semi-molten
particles, and more oxidized particles are generated
on the surface, as shown in Figs. 6(c, f, 1).
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The effect of the spraying distance on the
surface morphology of TiB,—SiC coating is
compared horizontally in Fig. 6. It is found that
when the spraying distance is 120 mm, many
particles with large particle size are not fully
melted and the structure is loose, as shown in
Figs. 6(a, b, c¢). When the spraying distance is
150 mm, the coating layer is in a molten state,
which is formed by the stacking effect of molten
and semi-molten particles, as shown in Figs. 6(d, e,
f). When the spraying distance is 180 mm, the
surface of the coating is fine and there are many
large particles that are sufficiently melted, as shown
in Figs. 6(g, h, 1).

The cross-sectional morphologies of the
TiB,—SiC coating prepared under different
processing conditions are shown in Fig. 7. It can be
seen that the density and thickness of the TiB,—SiC
coating change with the processing conditions.

Since the powder feeding rate, the spraying speed
and the spraying time of the coating under different
processes are the same, the deposition efficiency of
the coating under different processes can be
compared according to the thickness of the coating.
The effect of the spraying power on the
cross-section morphology of TiB,—SiC coating is
compared longitudinally in Fig. 7. It is found that
when the spraying power is 55 kW, the coating
structure is loose, many pores are generated, the
density is not high, and the deposition efficiency is
low, as shown in Figs. 7(a, d, g). When the spraying
power is 75 kW, the density of the coating is
improved, the pores are reduced, the coating is
dense, and the deposition efficiency is also high, as
shown in Figs. 7(b, e, h). When the spraying power
is 95 kW, the porosity of the layer is reduced and
the density of the coating is significantly increased,
as shown in Figs. 7(c, f, 1).
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Fig. 7 Cross-sectional morphologies of TiB,—SiC coating prepared under different processing conditions: (a) 120 mm,
55 kW; (b) 120 mm, 75 kW; (c) 120 mm, 95 kW; (d) 150 mm, 55 kW; (e) 150 mm, 75 kW; (f) 150 mm, 95 kW;

(2) 180 mm, 55 kW; (h) 180 mm, 75 kW; (i) 180 mm, 95 kW

The effect of the spraying distance on the
microstructure of TiB,—SiC coating can be
compared horizontally in Fig. 7. The porosity
reflects the structure and the thickness reflects the
deposition efficiency. It is found that when the
spraying distance is 120 mm, the coating has many
unmelted particles, the structure is loose, and the
deposition efficiency is high, as shown in
Figs. 7(a, b, c¢). When the spraying distance is
150 mm, the coating layer has a good molten state
with compact structure and high deposition
efficiency, as shown in Figs. 7(d, e, f). When the
spraying distance is 180 mm, the thickness of the
coating is relatively thin, the coating structure is
loose and the deposition efficiency is low, as shown
in Figs. 7(g, h, 1).

The spraying power affects the temperature of
the particles, which in turn affects the melting state

of the particles [15]. When the spraying power is
low, the TiB,—SiC particles cannot be fully melted,
so the porosity of the coating is high and the
coating is not dense enough. When the spraying
power is too high, the TiB,—SiC particles with small
particle size are easily to behave as super-melted
state, which promotes the TiB,—SiC coating to be
oxidized on the surface. However, TiB, has a higher
melting point and is more difficult to be melted.
Therefore, it is necessary to appropriately increase
the plasma spraying power to obtain the TiB,—SiC
coating with better comprehensive performance.
The spraying distance affects the flight time of
the TiB,—SiC particles in the plasma flame
flow [16]. When the spraying distance is too short,
the TiB,—SiC particles are too late to be melted, the
flying speed is small, and the particle impact
deformation is insufficient. Thus the density and
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bonding strength of the TiB,—SiC coating can be
decreased. When the spraying distance is too long,
the molten TiB,—SiC particles have not contacted
with the substrate, the temperature and the flying
speed begin to decrease, the bonding state of the
TiB,—SiC particles to the substrate is deteriorated,
and the deposition efficiency is also lowered
accordingly.

3.4 Effect of spraying process on properties of

TiB,—SiC coating
3.4.1 Porosity

Porosity is an important parameter to
characterize the density of the coating. The porosity
of the coating determines the corrosion resistance of
the TiB,—SiC coating [17]. If the coating porosity is
too large, the molten salt electrolyte will penetrate
into the cathode graphite matrix through the pores,
reducing the bonding strength of the coating,
resulting in cathode damage and shortening its
service life.

Figure 8 shows the porosity changes of
TiB,—SiC coatings under different processing
parameters. It can be seen that when the spraying
distance is 120 mm, the porosity of the TiB,—SiC
coating is high. With the increase of the spraying
distance, the porosity decreases to some extent.
When the spraying power is 95 kW, the TiB,—SiC
coating is dense. The main reason is that when the
spraying distance is too small, the residence time of
the TiB2—SiC particles in the plasma flame flow is
short, and they are not melted before reaching the
substrate, so the formed coating structure is loose
and the porosity is large. As the spraying distance
increases, the TiB2—SiC particles remain in the

22

.55 kW
20 75 kW
18 195 kW
16

Porosity/%
o

120 150 180
Spraying distance/mm

Fig. 8 Porosity of TiB,—SiC coating prepared under
different processing conditions

plasma flame flow for a sufficient period of time to
be fully melted, reaching the substrate to form a
dense coating. In addition, the porosity decreases
with the increase of the spraying power, which is
consistent with the previous SEM analysis.
Therefore, when the spraying distance is 150 mm
and the spraying power is 95 kW, the porosity
reaches the lowest value of 5.6%.

3.4.2 Microhardness

The use of a cathode coating in agitated
aluminum fluid requires that the TiB,—SiC coating
should have certain microhardness to resist the
scouring of the aluminum liquid.

Figure 9 shows the microhardness of TiB,—SiC
coatings under different processing parameters. It
can be seen that the power has great influence on
the microhardness of the TiB,—SiC coating. When
the spraying power is 95 kW, the microhardness of
the TiB,—SiC coating is obviously improved. This is
mainly because TiB; has a higher melting point and
requires a higher power to be fully melted, which
makes the TiB,—SiC coating structure denser,
resulting in an increase in the microhardness of the
TiB,—SiC coating. Therefore, when the spraying
distance is 150 mm and the spraying power is
95 kW, the microhardness of the obtained TiB,—SiC
coating reaches the highest value up to 3.57 GPa.
3.4.3 Bonding strength

The bonding strength of the coating is one of
the important parameters for evaluating the quality
of the coating. The higher the bonding strength, the
better the quality of the coating and the longer the
service life [18]. The bonding strength of the
TiB2-SiC coating consists of two parts [19]: one
is the cohesive force of the coated particles, and the
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Fig. 9 Microhardness of TiB,—SiC coating prepared
under different processing conditions
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other is the adhesion of the coating to the substrate.
Usually, the cohesive force of the coating is greater
than the interfacial adhesion between the coating
and the substrate. Therefore, the bonding strength is
decided by the interfacial adhesion. So only the
interfacial bonding strength between the coating
and the substrate is determined in this experiment.

Table 4 shows the interfacial bonding strength
of TiB,—SiC coatings with different spraying
distances at a spraying power of 95 kW. The
TiB,—SiC coating has the highest bonding strength
when the spraying distance is 150 mm. This is
because when the spraying distance is small, the
heating time of the TiB,—SiC powders is short, the
particle melting degree is insufficient, the coating
structure is loose, and the bonding strength is
lowered. When the spraying distance is too large,
the flying speed of the TiB,—SiC powders reaching
the substrate is low, the powders cannot be
sufficiently flattened, and the bonding strength of
the coating is lowered.

Table 4 Bonding strength of TiB,—SiC coating under
different spraying distances

TiB,—SiC coating is important for the TiB,—SiC
performance of the coating.

Table 5 Bonding strength of TiB,—SiC coating under
different spraying powers

Spraying power/kW Bonding strength/MPa
55 11.3
75 15.6
95 18.3

Table 6 shows the resistivity of TiB,—SiC
coatings under different processing parameters. It
can be seen that as the spraying power increases,
the resistivity of the TiB,—SiC coating gradually
becomes smaller. When the spraying power is
95 kW, the resistivity is the smallest because the
conductivity of the coating is affected by its density.
When the spraying power is high, the TiB,—SiC
coating has better melting effect, higher density and
better conductivity.

Table 6 Resistivity test results of TiB,—SiC coating
under different processing conditions

Spraying distance/mm Bonding strength/MPa
120 10.5
150 18.3
180 15.2

Table 5 lists the interfacial bonding strength of
the TiB,—SiC coatings at different spraying powers
with a spraying distance of 150 mm. It can be seen
that as the spraying power increases, the bonding
strength of the TiB,—SiC coating increases to the
highest value of 18.3 MPa. When the spraying
power is too small, the TiB,—SiC particles are not
sufficiently melted since the melting point of the
TiB,—SiC powders is relatively high, resulting in
more voids inside the coating and a decrease of
bonding strength. At the same time, when the
spraying power is too large, the TiB,—SiC particles
are super-melted, resulting in a low deposition
efficiency of the TiB2—SiC coating and a decrease
in bonding strength.

3.4.4 Conductivity

TiB,—SiC coatings also need to have good
electrical conductivity to reduce the cell voltage,
improve current efficiency and increase the output
of aluminum [20,21], so the conductivity of

Spraying Resistivity/(mQ-cm)
power/kW 120 mm 150 mm 180 mm
55 11.3 16.3 19.7
75 13.2 12.0 13.7
95 10.2 10.8 11.8

It can be concluded that when the TiB,—SiC
coating is prepared by calcined powders, the
spraying power is 95 kW and the spraying distance
is 150 mm, the comprehensive performance of the
TiB,—SiC coating is the best. These parameters are
adopted by the subsequent TiB,—SiC coating
fabrication process.

4 Conclusions

(1) High-temperature vacuum calcination of
TiB,—SiC powders enhances the adhesion between
particles, improves fluidity, and increases the
strength of the powders. The porosity of TiB,—SiC
coating prepared by calcined powders is decreased,
the microhardness and the bonding strength are
increased, the electrical resistivity is decreased
slightly, and the comprehensive performance is
improved significantly.
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(2) Spraying distance and spraying power have
great influence on the microstructure and properties
of the TiB,—SiC coating. The spraying distance will
affect the temperature and speed of the TiB,—SiC
particles in the plasma flame flow. The spraying
power affects the molten state of the sprayed
TiB,—SiC powders during SAPS.

(3) The optimized processing parameters of the
supersonic plasma sprayed TiB,—SiC coating are
calcined using TiB,—SiC powders with a spraying
distance of 150 mm and a spraying power of 95 kW.
The TiB,—SiC coating has the best overall
performance of porosity of 5.6%, microhardness of
3.57 GPa, bonding strength of 18.3 MPa and
resistivity of 10.8 mQ-cm.
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BASFEFBR TiB,—SiC iR EHHIF SR

BRI, AN, SRATIZ, A A, AFEC, RMEC, PRES, KR!, %

1 Ry ARG E&EEFRE AR E, Kb 410083;
2. TRBFMEIE T A RIR I AR AR E R LA s =
JRAB IR LR R E fsLgE, T/ 510650;
3. s RSN ARAT, 40 661400

1 OE: KW G & TiB,—SiC M ARBEAT I Bbe, RATE Bl KT E AR & TiB,—SiC IRZE, BT
Wik Th R IR FR 256 TiB,—SiC ¥R 2 PEREIIANA, X 5 B8 TR ] % TiB,—SiC 2 M L2k
SERFM . MRS WS R LA AT 3 50, BRBEE RAF, WRBNTERG . MR AR & IR Z 880 . TR
Rido MRS HE S THIRBEE G TiB,—SIiC Bk, WHRTHEN 95 kW. BHRIEEN 150 mm K, Hl#4K
TiB,~SiC R ELE A MRl T FLBRZEN 5.6%, BAHIEE A 3.57 GPa, 454585y 18.3 MPa, HFHZ 4 10.8 mQ-cm.

XIR: B RREE TR, TiB-SiC iR HARE: L2k
(Edited by Xiang-qun LI)



