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SiC-B,,C composite powders were synthesised by the carbothermal reduction method under argon atmosphere by using boric
acid, silica sol, and flake graphite as the raw materials. The effects of the boric acid dosage and reaction temperature on the
phase composition and microstructure of the synthesised SiC—B,C composite powders were studied, and the synthesis me-
chanism of these powders were discussed. The results show that the suitable reaction conditions for synthesising the SiC-B,C
composite powders were kept at 1500 °C and 1550 °C for 2 h when the amounts of excess boric acid were 0 wt. % — 20 wt. %
and 30 wt. %, respectively. The microscopic morphology of the SiC—B,C powder samples with a 0 wt. % — 20 wt. % excess
of boric acid calcined at 1500 °C for 2 h was mainly composed of flake particles, short rod-shaped particles, and a small
amount of approximately spherical particles. The powder samples calcined at 1500 °C for 2 h generated not only irregular
polygonal structure particles, but also a small amount of long rod-shaped particles and fibrous whiskers when the amount

of excess boric acid was 30 wt. %.

INTRODUCTION

Silicon carbide (SiC) ceramics, as a kind of high-
performance structural ceramic, has high hardness
and strength at high temperatures, and other excellent
properties, such as a high melting point, high thermal
conductivity, low coefficient of thermal expansion, and
good corrosion resistance. Thus, it is widely used in
the fields of machinery, aviation, petroleum, chemical
industry, energy and so on [1-3]. However, the strong
covalent property of SiC itself makes it lack a plastic de-
formation ability, resulting in low strength and fracture
toughness of SiC ceramics at room temperature, thereby
limiting its application range [4-5].

The main solution for improving the strength and
toughness of SiC ceramics at present is to introduce
a second phase component and form SiC matrix com-
posites. The stress toughening mechanism and crack
deflection mechanism caused by the difference in the
thermal expansion coefficient between the second phase
particles and the matrix are conducive to improving the
SiC fracture toughness. Among the borides of transition
metal elements, B,C has the characteristics of being

low density, having a high specific strength, ultra-high
hardness (second only to diamonds and cubic boron ni-
trides), wear resistance, high temperature resistance,
and good chemical stability, making it one of the most
important reinforcers in metal matrix composites [6-9].
Therefore, combining B,C with SiC ceramics means
they could complement each other in the performance
abilities [10-11].

For the preparation of SiC-B,C composites with
excellent properties, synthesising homogeneously mi-
xed and non-agglomerated SiC and B,C powders is
first necessary. The carbothermal reduction method has
been used as the main method for synthesising various
carbide powders due to the advantages of a simple syn-
thesis process, simple equipment, low preparation cost,
and stable product quality [12-13]. At present, few
reports have studied the synthesis of SiC-B,C composite
powders by the carbothermal reduction method. Rocha
et al. [14] successfully prepared SiC—B,C composite
powders by the carbothermal reduction method, with
B,0;, SiO,, and carbon black as the precursors. The
microhardness of the SiC-B,C composite powders
was up to 35 MPa after dense sintering. Caliskan et al.
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[15] synthesised SiC-B,C composite powders in situ
by carbothermal reduction at 1400 °C — 1600 °C, with
B,C, SiO,, and carbon black selected as the precursors.
The powder samples had a network fibrous structure and
nano-fibrous particles with a diameter of 50 — 100 nm.
Liu et al. [16] prepared high-quality SiC—B,C composite
powders in situ by carbothermic reduction using boric
acid and petroleum coke powder as the raw materials
with a crystal silicon mortar cutting waste after impurity
removal as the sintering agent. The effects of adding
different crystal silicon mortar cutting waste on the
phase composition, microstructure, and particle size of
the samples calcined at 1850 °C for 50 min were studied.
The results showed that the diffraction peak intensity of
B,C and SiC increased, the grain growth was enhanced,
and the particle size of the product became finer when the
addition of B,C, petroleum coke, and crystalline silica
mortar cutting waste were 77.66 wt. %, 20.85 wt. %, and
1.49 wt. %, respectively. Further studies showed that
[17] the particle size of SiC—B,C composite powders
in situ synthesised at 1800 °C for 50 min was relatively
the smallest when the addition of carbonised rice husks
was 4.96 %, with boric acid and petroleum coke as the
raw materials and carbonised rice husks as the additive.
Compared with the SiC-B,C composite powders pre-
pared by mechanical mixing, the in situ synthesised
samples had obvious advantages in the grain interface
bonding.

In this study, SiC-B,C composite powders were
synthesised by the carbothermal reduction method at high
temperatures in a tubular furnace under argon atmosphere
by using boric acid, silica sol, and flake graphite as
the raw materials to further improve the properties of
these powders. The effects of the boric acid dosage and
reaction temperature on the phase composition, weight
loss, and microstructure of the synthesised SiC-B,C
composite powders were emphatically studied, and the
synthesis mechanism was discussed.

EXPERIMENTAL

Processing

The preparation process of SiC-B,C composite
powders is shown in Figure 1. The amounts of silica
sol, boric acid, and graphite were adjusted to yield
a SiC/B,C molar ratio of 7:3. The amounts of boric acid
were designed to be in excess of 0 wt. %, 10 wt. %,
20 wt. %, and 30 wt. % of the theoretical calculation.
An electronic analytical balance was used to accurately
weigh boric acid, silica sol, and graphite in accordance
with the ratio. These raw materials were uniformly
mixed in a planetary ball mill at a speed of 400 rev-min*
for 2 h by using SiC balls as the grinding body and
anhydrous ethanol as the dispersing medium (the solid-
to-liquid mass ratio was set to 1:2). The well-mixed
starting materials were taken out and dried at 100 °C for
24 h. After being ground, they were placed in a ceramic
crucible and in a high-temperature tubular electric
furnace. The high-temperature synthesis reaction was
carried out to synthesise SiC—B,C composite powders at
a high temperature of 1300 — 1600 °C at a heating rate of
10 °C'min "' in an argon atmosphere. The holding times
were for 2 h at the desired temperature. Subsequently,
the furnace was cooled naturally to room temperature,
and SiC-B,C composite powders were obtained.

Characterisation

The masses of the powder samples before and after
the reaction were measured by an electronic analytical
balancer (accurate to 0.1 mg) to judge the degree of the
synthesis reaction. The phase composition of the pre-
cursor mixed powders and the samples synthesised at
different reaction temperatures was analysed using an
X-ray diffractometer (XRD, Y2000, Tongda Company,
China). The microstructure of the powder samples was
observed using a scanning electron microscope (SEM,
Zeiss Sigma 500, Germany).
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Figure 1. The preparation process of the SiC-B,C composite powders.
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RESULTS AND DISCUSSION

Phase composition

Figure 2 shows the XRD pattern of the powders
obtained after holding for 2 h at different reaction tem-
peratures with a 0 wt. % excess of boric acid (that is,
the amount of boric acid is the theoretical proportion).
The reaction temperature showed great influence on the
phase composition of the synthesised powder samples.
Before calcination, diffraction peaks of C and B,0; could
be found on the XRD spectrum, but no SiO, diffraction
peak formed, indicating that the SiO, component in
the silica-sol raw material exists in the mixture in an
amorphous manner, which is basically consistent with the
research results in the literature [18] (the characteristic
diffraction peak of SiO, was not found in the system after
holding at 1400 °C for 2 h). The diffraction peak of B,O,
is produced by the thermal decomposition of boric acid,
which s the intermediate product of this synthesis reaction
[19]. When the reaction temperatures were 1300 °C and
1400 °C, the diffraction peaks of C and B,0; still existed
in the XRD pattern, but the intensity of the diffraction
peaks of C and B,0; decreased accordingly, indicating
that a small amount of B,C powder was synthesised in the
system at this reaction temperature (but it was not shown
in the XRD pattern because of the small amount of the
B,C powder generated). When the reaction temperature
continued to rise to 1500 °C, obvious characteristic
peaks of SiC and B,C appeared in the XRD pattern,
and the diffraction peaks of C and B,O; disappeared,
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Figure 2. XRD patterns of the samples containing 0 wt. %
excess boric acid after holding for 2 h at different reaction
temperatures

(a) 100 °C + 24 h, (b) 1300 °C + 2 h, (c) 1400 °C + 2 h,

(d) 1500 °C +2 h, (¢) 1550 °C + 2 h, (f) 1600 °C+2 h

indicating that the carbothermal reduction reaction was
basically completed at this reaction temperature. When
the reaction temperature continued to rise to 1550 °C and
1600 °C, the XRD pattern was basically consistent with
that at 1500 °C. Combined with the analysis of the mass
loss on ignition (Table 1), the optimal reaction condition
of the SiC-B,C composite powder was at 1500 °C for
2 h when the amount of excess boric acid was 0 wt. %.
Figure 3 shows the XRD pattern of the powders
obtained after holding for 2 h at different reaction
temperatures with a 10 wt. % excess of boric acid.
The influence of the reaction temperature on the phase
composition of the SiC-B,C composite powders was
basically similar to that in Figure 2. A notable detail is
that the diffraction peak of B,0O; in Figures 3a-c was
stronger than that in Figures 2a-c. When the reaction
temperature was 1400 °C, a weak SiC diffraction peak
appeared, which indicated that the carbothermal re-
duction reaction took place at this temperature and
a small amount of SiC products was produced [15]. When
the reaction temperature was increased to 1500 °C, the
diffraction peaks of C and B,0; disappeared completely,
and the XRD pattern of the samples was mainly the
diffraction peaks of SiC and B,C, indicating that the
carbothermal reduction reaction was basically completed
at this temperature. When the reaction temperature was
further increased to 1550 °C and 1600 °C, the XRD
pattern showed that the phase composition was the same
as that at 1500 °C, and the main crystal phases were still
SiC and B,C. The XRD spectrum demonstrated that the

#C *B,0, # SICAB,C

S .
(f) NEIR " P
.
(e) NA * *
i Mk & A A |
=
:() .
L A2 -
= i * A
&
% #

(b) "

(a) %

10 20 30 40 50 60 70 80
2-Theta(deg)

Figure 3. XRD patterns of the samples containing 10 wt. %
excess boric acid after holding for 2 h at different reaction
temperatures

(a) 100 °C + 24 h, (b) 1300 °C + 2 h, (c) 1400 °C + 2 h,

(d) 1500 °C + 2 h, (e) 1550 °C + 2 h, (f) 1600 °C + 2 h
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suitable reaction condition for synthesising SiC-B,C
composite powders is at 1500 °C for 2 h with 10 wt. %
excess boric acid.

Figure 4 illustrates the XRD pattern of the powders
obtained after holding for 2 h at different reaction tem-
peratures with a 20 wt. % excess of boric acid. Only the
diffraction peaks of C and B,O,; before the sample were
calcined at high temperature, and the diffraction peak of
B,0; was stronger than that of the sample with 10 wt. %
excess boric acid. The reason is because the more boric
acid that is added, the more B,0; is generated by the
thermal decomposition. When the reaction temperature
was 1400 °C, the diffraction peak of the intermediate pro-
duct B,0, disappeared, and a weak SiC diffraction peak
appeared. When the reaction temperature was 1500 °C,
obvious SiC and B,C characteristic peaks could be obser-
ved in the XRD pattern, but no diffraction peaks of any
other phases existed, indicating that the carbothermal
reduction was completed at this temperature. When the
reaction temperature was further increased to 1550 °C
and 1600 °C, the XRD pattern was basically similar
to that at 1500 °C. The XRD patterns of the SiC-B,C
powder samples showed that the suitable synthesis
temperature of SiC-B,C powder samples is at 1500 °C
for 2 h with 20 wt. % excess boric acid.

Figure 5 shows is the XRD pattern of the powders
obtained after holding for 2 h at different reaction
temperatures with a 30 wt. % excess of boric acid.
The XRD pattern of the sample before calcination
was similar to the diffraction peak of the sample with
20 wt. % excess boric acid, but the diffraction peak

#C #B,0, # SICAB,C

(f) Ja " .
+

(e) A, J\ "
3 i
& @ ﬁ@ . "
2 A AL A A
17} #
=i
3
£ ()

(b) L‘

#*

o L

10 20 30 40 50 60 70 80
2-Theta(deg)
Figure 4. XRD patterns of the samples containing 20 wt. %
excess boric acid after holding for 2 h at different reaction
temperatures
(a) 100 °C +24 h, (b) 1300 °C + 2 h, (c) 1400 °C + 2 h,
d) 1500 °C +2 h, (e) 1550 °C + 2 h, () 1600 °C +2 h
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intensity of B,O; further increased. When the reaction
temperature was 1500 °C, the diffraction peak of B,O,
disappeared, the characteristic diffraction peaks of SiC
and B,C appeared, and the diffraction peak of C still
existed. When the reaction temperature was increased
to 1550 °C, the diffraction peak of C disappeared, and
only the characteristic peaks of SiC and B,C existed,
which indicated that the synthesis reaction was basi-
cally completed. When the reaction temperature was
increased to 1600 °C, the XRD pattern had no obvious
change, except that the characteristic peak shape of
SiC sharpened, but the diffraction peak intensity of
B,C decreased. Therefore, the suitable condition for
synthesising SiC-B,C composite powders is to keep
1550 °C for 2 h with 30 wt. % excess boric acid.

Degree of the synthesis reaction

The carbothermal reduction of graphite with SiO,
and H;BO; produced CO gas, H;BO; decomposed
to generate B,0, and gaseous H,0O, and the escape
of the gaseous substances changed the quality of the
experimental samples before and after calcination [20—
21]. In accordance with the quality change in the samples
before and after calcination, the mass loss of the reaction
process could be calculated, which could be used to
judge the degree of synthesis reaction of the SiC-B,C
composite powders.

Table 1 shows the variation in the mass loss of the
SiC-B,C composite powders with the reaction tem-
perature during the reaction synthesis process under
different boric acid dosages. The mass loss of the sample
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Figure 5. XRD patterns of the samples containing 30 wt. %
excess boric acid after holding for 2 h at different reaction
temperatures

(a) 100 °C+24 h, (b) 1500 °C + 2 h, (c) 1550 °C + 2 h,

(d) 1600 °C +2 h
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Table 1. Mass loss in the synthesis of the SiC-B,C composite
powders.

No.Excess boric acid Reaction temperature

[wt. %] [°C]
1300 1400 1500 1550 1600
1 0 60.8 66.7 704 71.0 713
2 10 653 684 727 732 741
3 20 702 733 757 76.6 772
4 30 - - 76.4 787 795

was 60.8 % at 1300 °C when the amount of boric acid
was in accordance with the theoretical ratio (that is, the
amount of boric acid was 0 wt. % in excess). When the
reaction temperature was increased to 1400 °C, the mass
loss of the sample was 66.7 %. When the reaction tem-
perature was further increased to 1500 °C, the mass loss
of the sample increased to 70.4 %. When the reaction
temperature continued to rise to 1550 °C and 1600 °C,
the mass losses of the samples were 71.0 % and 71.3 %,
respectively, and the increase in the mass loss of the
sample was minimal. The above analysis showed that the
optimum reaction temperature for synthesising SiC-B,C
composite powder is at 1500 °C for 2 h with 0 wt. %
excess boric acid. When the reaction temperatures were
1300 °C, 1400 °C, 1500 °C, 1550 °C, and 1600 °C, the
mass losses of the samples containing 10 wt. % excess
boric acid were 65.3 %, 68.4 %, 72.7 %, 73.2 %, and
74.1 %, respectively. Before 1500 °C, the mass loss of
the sample increased gradually with the increase in the
reaction temperature, and the increase was more obvious.
When the reaction temperature exceeded 1500 °C, the
increase in the mass loss of the sample slowed down.
The mass loss of the sample containing 20 wt. % excess
boric acid in the reaction process was over 70 % at the
temperature of 1300 — 1500 °C, but the mass loss of the
powder samples did not remarkably increase when the
reaction temperature exceeded 1500 °C. This finding
indicated that the carbothermal reduction was basically
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Time :23:51:45

EHT=1500kV
WD= 3.2 mm

.
200 nm Signal A = InLens

Mag= 20.00KX

completed at 1500 °C. When the excess boric acid
exceeded 30 wt. % and the reaction temperature was
1550 °C, the mass loss of the sample reached 78.7 %.
The mass loss of the sample only increased by 0.8 %
when the reaction temperature was increased to 1600 °C.
According to the above analysis results, the optimal
condition for synthesising the SiC-B,C composite
powder is at 1550 °C for 2 h with 30 wt. % excess boric
acid. This analysis result is basically consistent with the
XRD analysis result.

Microstructure and energy spectrum analysis

Figure 6 shows the SEM photographs of the powders
calcined at different temperatures for 2 h with 10 wt. %
excess boric acid. As shown in Figure 6a, the powder
sample synthesised at 1500 °C was mainly composed
of many flaky particles, a certain amount of irregular
short rod-shaped particles, and a small amount of nearly
spherical particles, forming a diversified microstructure
with irregular polygons as the main part (the particle
size was approximately 50 — 200 nm). The grains in
the powder sample also grew closely, and the growth
condition was good. The analysis of the XRD pattern
demonstrated that the diffraction peaks of SiC and
B,C mainly existed in the powder samples. Combined
with their crystal structure, a small amount of larger
flake particles may be the unreacted graphite particles
in the raw material system [22], part of the polyhedral-
shaped particles may be B,C particles generated by the
LS mechanism [13], and other particles with irregular
polygon structures should be mixed particles of SiC and
B,C. When the reaction temperature was increased to
1550 °C, the microstructure of the synthesised powder
sample had no obvious change, as shown in Figure 6b.
With the increase in the reaction temperature to 1600 °C,
the large flake particles (mainly graphite particles) in
the synthesised product basically disappeared, which
indicates that, at this reaction temperature, all the

<
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a) 1500 °C
Figure 6. SEM photographs of the powders calcined at different temperatures for 2 h with 10 wt. % excess boric acid.

(continue on the next page ...)

Ceramics — Silikaty 66 (2) 245-254 (2022)

249



He J., Hu J., Chen B., Deng R., Lei D.

Signal A = InLens
Mag= 20.00K X

K7
EHT = 15.00 kV
WD= 3.2mm

Date :1 Dec 2021
Time :23:54:59

Date :1 Dec 2021
Time :23:54:51

Signal A = InLens
Mag= 50.00K X

EHT = 15.00 kV
WD= 3.2mm

b) 1550 °C

EHT=15.00 kV
H WD = 3.2 mm

Date :1 Dec 2021
Time :23:57:34

Signal A= InLens
Mag= 20.00KX

EHT=15.00 kV

— WD= 3.2 mm

Date :1 Dec 2021
Time :23:57.03

Signal A= InLens
Mag= 50.00KX
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Figure 6. SEM photographs of the powders calcined at different temperatures for 2 h with 10 wt. % excess boric acid.

graphite in the raw material system generated SiC and
B,C particles, which is consistent with the XRD analysis
results in Figure 3. As shown in Figure 6c, a certain de-
gree of agglomeration or adhesion existed between the
particles of the powder samples synthesised at 1600 °C.

Figure 7 shows the SEM photographs of the powder
samples synthesised by calcining at different tempe-
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ratures for 2 h with 30 wt. % excess boric acid. As shown
in Figure 7a, the powder sample synthesised at 1500 °C
was mainly composed of a large number of flaky particles
and a certain amount of irregular polygonal particles (the
particle size was approximately 50 — 200 nm). According
to the analysis of the XRD spectrum, a small number of
large flake particles were graphite particles that did not

[
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a) 1500 °C
Figure 7. SEM photographs of the powders calcined at different temperatures for 2 h with 30 wt. % excess boric acid.
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Figure 7. SEM photographs of the powders calcined at different temperatures for 2 h with 30 wt. % excess boric acid.

completely react in the raw material system, and other
irregular polygonal particles were mixed particles of SiC
and B,C. When the reaction temperature was increased to
1550 °C, the microstructure of the synthesised pow-der
sample changed greatly. The synthesised powder sam-
ples were mainly composed of a large number of short
rod-shaped particles and a small number of nearly
spherical particles (the particle size was approximately
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50 — 100 nm), as shown in Figure 7b. When the reaction
temperature was 1600 °C, the particle size of the powder
sample obviously increased, and the morphology chan-
ged greatly, forming an irregular and diversified structure.

Figure 8 shows the SEM photographs of the powder
samples calcined at 1500 °C for 2 h with 0 wt. %, 10 wt. %,
20 wt. %, and 30 wt. % excess boric acid. Compared with
Figures 8a-d, with the increase in the amount of boric acid
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Figure 8. SEM photographs of the powder samples calcined at 1500 °C for 2 h with excess boric acid.
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Figure 8. SEM photographs of the powder samples calcined at 1500 °C for 2 h with excess boric acid.

in the system, the particle size of the synthesised powder
samples gradually increased. The micro-morphology of
these three powder samples prepared after calcination at
1500 °C for 2 h with 0 wt. % — 20 wt. % excess boric
acid was mainly composed of flaky particles, short rod-
like particles, and a small amount of approximately
spherical particles. However, when the excess boric acid
was 30 wt. %, the microstructure of the powder sample
after calcination at 1500 °C for 2 h changed to some
extent [Figure 8d. In addition to the irregular polygonal

oy
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Figure 9. SEM photograph and the EDS analysis result of the
powder samples with 30 wt. % excess boric acid synthesised at
1550 °C for 2 h.

particles, a small number of long rod-shaped particles
and fibrous whiskers were found in the powder samples.

Figure 9 shows the SEM photograph and the
corresponding Energy-Dispersive X-Ray Spectroscopy
(EDS) analysis results of the powder samples synthesised
at 1550 °C for 2 h with 30 wt. % excess boric acid. The
synthesised product mainly contained three elements: C,
Si, and B (EDS analysis: C, 56.16 wt. %; Si, 32.71 wt. %;
and B, 11.13 wt. %). This finding indicated that the SiC—
B,C composite powders were successfully synthesised
under this reaction condition.

Synthesis mechanism analysis

The possible chemical reactions of the SiC-B,C
composite powders during high-temperature synthesis
are listed in Table 2.

The main raw materials used in this study were
boric acid, silica sol, and flake graphite. The XRD phase
analysis revealed that the main crystal phases in the
powder samples prepared under the optimal synthesis
conditions were SiC and B,C. Consultation of the ther-
modynamic data manual showed that the Gibbs free
energy of the reaction (1) was greater than zero in the
range of 600 °C — 1600 °C. Only from the perspective
of thermodynamic theoretical analysis, the reaction (1)
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Table 2. Possible reactions in the synthesis of the SiC-B,C
composite powders.

Reaction No. Reaction equation

Si0, (s) + C (s) = SiO (g) + CO (g)
SiO (g) +2 C (s) =SiC (s) + CO (g)
SiO (g) +3 CO (g) =SiC (s) +2 CO,(g)
CO,(g) +C(s)=2CO(g)

2 H;BOs(s) = B,0; (s) + 3 H,O (g)
2B,0;()+7C(s)=B,C(s) +6 CO (g)

AN R W=

could not occur [12]. However, based on the analysis of
the actual situation in the present study, the reaction (1)
could occur [23]. The reasons are as follows: first, the
theoretical analysis of the thermodynamics was carried
out under an assumed gas pressure of 0.1 MPa, but under
these experimental conditions, the partial pressures
of SiO and CO gas were far lower than the assumed
gas pressure. Second, the particle sizes of the SiO,
and graphite in the precursor powder were very small,
and the effective utilisation ratio of both were greatly
improved. Therefore, at 1500 °C, the SiO, in the raw
material actually reacted with the C particles to generate
gaseous SiO and then SiC. This analysis was confirmed
by the previous XRD analysis results.

The SiC nucleation reaction between the SiO gas ge-
nerated in reaction formula (1) and the C particles led
to the pressure reduction of the system. According
to the principle of chemical equilibrium shift, the
equilibrium in reaction (2) occurs at a relatively low
temperature, and this analysis result is consistent with
the XRD analysis result [24-25]. In the present study,
the SiO gas generated by reaction (1) and the C particles
were generated by re-action (2) to generate the SiC
particles. The synthesis reaction is a gas—solid reaction
with C particles as the core. The shape and size of the
reactant C particles determined the shape and size of
the synthesised SiC particles; therefore, reaction (2) is
the main reaction for the synthesis of the SiC powder
particles [26]. As the synthesis reaction continued, the
contact between the SiO, and C particles gradually
weakened, and the SiC generated in the system hinders
the solid-phase diffusion of C and the gas-phase
diffusion of SiO. Therefore, the synthesis reaction of
SiC particles continues through reaction (3) [27-28].

B,C synthesis was mainly carried out in accordance
with reactions (5)—(6). H;BO, was decomposed to B,0,
by reaction (5) at first, and then B,C was produced by
reaction (6) [19]. Therefore, reaction (6) is the key. At low
temperature (~1823 K), B,O; undergoes a liquid—solid
reaction through reaction (6) and generates B,C through
the LS mechanism; at the temperature of 1823 K-1973 K,
B,0; generates B,C through the coexistence reaction
mechanism of liquid—solid and gas—solid reactions [13].
According to thermodynamic analysis, reaction (6) could
be carried out at a lower reaction temperature in the sys-
tem because of its lower initial reaction temperature and
smaller Gibbs free energy than other reactions.

CONCLUSIONS

Before calcination of the sample, diffraction peaks
of C and B,0; were found in the XRD pattern, but no
diffraction peaks of SiO, were found, indicating that the
Si0, in the silica-sol raw material existed in the precursor
mixture in an amorphous manner. When the excess
boric acid was 0 wt. % — 20 wt. %, the suitable reaction
conditions for the synthesised SiC-B,C composite
powders was 1500 °C for 2 h. When the excess boric
acid was 30 wt. %, the suitable reaction condition for
synthesising the SiC-B,C composite powders was
1550 °C for 2 h. These findings are basically consistent
with the analysis results of the mass loss rate in the
process of the synthesis reaction.

The microstructure of the SiC—B,C powder samples
prepared after calcination at 1500 °C for 2 h with an
excess of 0 — 20 wt. % boric acid was mainly composed
of flaky particles, short rod particles, and a small amount
of approximately spherical particles. When boric acid
exceeded 30 wt. %, the synthesised SiC—B,C powder
samples not only showed irregular polygonal particles,
but also generated a small amount of long rod-shaped
particles and fibrous whiskers. The results of the EDS
analysis showed that, under suitable reaction conditions,
the synthesised products mainly contained three elements:
C, Si, and B. This finding indicated that the SiC-B,C
composite powders were successfully synthesised under
this reaction condition, consistent with the results of the
XRD analysis.
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