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Abstract: The fully-coated TiB,-SiC coating was prepared by supersonic atmospheric plasma spraying (SAPS). The oxidation

performance of TiB,-SiC coating at 400 and 800 °C was studied and the oxidation mechanism was investigated. The corrosion

resistance of TiB,-SiC coating to aluminum melting salt at 900 °C was studied, and the anti-corrosion mechanism of molten salt was
discussed. The results show that the TiB,-SiC coating prepared by SAPS has good anti-oxidation performance. The oxidation rate
constant at 400 °C is 1.92x10° mg?-cm™-s™!, and that at 800 °C is 1.82x10* mg?-cm™-s!. The TiB,-SiC coating prepared by SAPS has
good resistance to molten salt corrosion at 900 °C. TiB,-SiC coating maintains a dense structure after molten salt corrosion, and

cracking and peeling of the coating do not occur.
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In the process of industrial aluminum electrolysis, the
surface of the cathode will be electrolyzed as aluminum and
sodium metal at the same time!"*:

Al+3NaF=3Na+AlF, (1)

The generated Na and Al diffuse into the cathode,
promoting the wettability and penetration of the molten salt
electrolyte to the cathode. Under the condition of aluminum
electrolysis, although the precipitation of aluminum and
sodium is restricted, the precipitated sodium and aluminum
melt will penetrate into the cathode material through the
pores, causing the aluminum electrolytic cathode material to
expand and to break, shortening the service life of the cathode
material®®. TiB, is a high temperature ceramic material with a
melting point of 2790 °C. It has good electrical conductivity,
excellent wear resistance and corrosion resistance, and good
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wettability with molten metal. It is an ideal inert wettability
cathode material. TiB, material has good oxidation resis-
tance, and the produced oxidation products of TiO, and B,O,
form a protective film on the surface of the material to inhibit
the internal oxidation of the material”™. However, when the
temperature is relatively high, due to the evaporation of B,Os,
pores are left in the material, which increases the contact area
of the material with air and deteriorates the oxidation of TiB,.
SiC has a low oxygen diffusivity, good chemical stability and
high temperature oxidation resistance, which can improve the
anti-oxidation performance of TiB,™'". Moreover, the coeffi-
cient of thermal expansion of SiC is smaller, closer to that of
the graphite substrate compared to TiB,; thus SiC has a good
mitigating effect on thermal stress concentration and
effectively prevents the generation and diffusion of cracks.
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At present, there are some researches on the oxidation

properties of TiB,-SiC composite ceramic materials"' !

, most
of which are sintered into bulk ceramic materials for research.
There are very few reports about TiB,-SiC composite cera-
mic coatings prepared by plasma spraying. Therefore, SAPS
was used to prepare a fully coated TiB,-SiC composite
coating to explore its oxidation resistance and resistance to

molten salt corrosion.
1 Experiment

1.1 Fully coated TiB,-SiC coating by supersonic atmo-
spheric plasma spraying

The TiB, powder and SiC powder were mixed with an
appropriate amount of deionized water, followed by milling
for 3 h in the planetary ball mill, and then polyvinyl alcohol
was added into the slurry to continuously mill them for 3 h;
finally the composite powder slurry was prepared for spray
granulation. Spray granulation was made by mobile minor
spray dryer produced by Gea Niro of Germany. The optimum
technological parameters for spray granulation of TiB,-SiC
composite powder include 50wt% solid, 5wt% polyvinyl
alcohol binder, and 10wt% SiC. The TiB,-SiC powder after
spray granulation was vacuum calcined. The organic binder was
removed by holding at 300 and 500 °C for 2 h. The TiB,-SiC
powder was calcined at 1400 °C for 2 h to connect the large
and small particles of TiB,-SiC to improve the strength of
TiB,-SiC powder. With TiB,-SiC powder after spray granu-
lation and vacuum calcination as the sprayed powder, the
surface of the graphite substrate was fully coated by the 100 HE
supersonic plasma spraying system. Based on the previous
research of our group, the spraying parameters shown in
Table 1 were selected. Before the full coating was sprayed, the
graphite substrate with the specification of @12.7 mm>20 mm
was roughened, and the substrate was preheated to about
250 °C by the plasma flame flow to reduce the thermal mis-
match stress between the coating and the substrate.
1.2 Anti-oxidation experiment of the TiB,-SiC coating

The oxidation performances of TiB,-SiC coating at 400 and
800 °C were studied. The fully coated TiB,-SiC coating was
initially weighed prior to the oxidation experiment and
recorded as m,. The fully coated TiB,-SiC coating was placed
in a high temperature resistance furnace at corresponding
temperature and oxidized for 3, 6, 9, 12 and 15 h, and then
cooled to room temperature naturally. The oxidized TiB,-SiC
coating was weighed again and recorded as m,. Through these,
the mass change rate Aw of the TiB,-SiC coating can be

calculated, and the calculation formula is as follows!":

_omy T my
Aw=—— )

m,

Table 1

1.3 Resistance to molten salt corrosion test of the TiB,-SiC
coating

The corrosion resistance of TiB,-SiC coating at 900 °C was
studied. The fully coated TiB,-SiC coating was prepared by
SAPS. The fully coated TiB,-SiC coating was placed in a
conventional electrolyte for aluminum electrolysis, and it was
etched at 900 °C for 8 h to investigate its resistance to molten
salt corrosion and electrolyte penetration. The electrolyte
composition was 90wt% Na,AlF,, 5wt% CaF,, and 5wt%
Al,0,.

1.4 Performance characterization

The morphology of the coating was observed by nova-nano-
sem-430 (with EDS analysis) field emission scanning electron
microscope (SEM). The phase structure of powder and
coating was analyzed by D8 advance X-ray diffractometer
(Bruker, Germany). The Ka-ray of Cu target was used as diff-
racted source, the scanning step was 0.02°/s, and the scanning
range was 26 from 10° to 90°. TG-DSC test was carried out
on SETSYS 18/24
produced by Setaram Instrumentation Company in France.

integrated thermal analysis system

2 Results and Discussion

2.1 Microstructure and phase structure of TiB,-SiC
coating oxidized at 400 °C

According to the thermogravimetric curve, the oxidation
reaction has not occurred at 400 ° C, and it is basically
completed at 800 °C. To study the oxidation kinetics before
and after oxidation reaction, 400 and 800 °C are chosen as the
of TiB,-SiC
coating oxidized at 400 °C for 3, 9 and 15 h are shown in
Fig. 1. It can be seen that after the oxidation of TiB,-SiC
coating at 400 °C for 3 h, the coating has almost no change,
and the surface is smooth. There is a trace of oxidized particle
distribution, and the coating structure is dense, as indicated in

oxidation temperatures. The morphologies

Fig.la and 1d. With the increase of oxidation time, when the
TiB,-SiC coating is oxidized at 400 °C for 9 h, a large amount
of particulate matter is distributed on the surface of the
coating, and the small particles are oxidized, as indicated by
EDS analysis in Fig. 1g. The cross section shows a slight
amount of crack generation, as shown in Fig.1b and le. When
the TiB,-SiC coating is oxidized at 400 °C for 15 h, more TiO,
oxide particles are still distributed on the surface of the
coatings. The TiO, oxide particles on the surface of the
coatings are covered by glassy materials, which is confirmed
as the mixture of SiO, and B,O; by EDS analysis (as shown in
Fig.1h). The cross-section morphology shows that the coating
density increases without cracking, as shown in Fig.1c and 1f.
The TiB,-SiC coating is slightly oxidized at 400 °C for 3 h,
and the coating morphology does not change much. With the

Parameters of fully coated TiB,-SiC coating prepared by SAPS
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Fig.1 Surface morphologies (a~c), cross-sectional morphologies (d~f), and EDS analysis results (g, h) of TiB,-SiC coating after oxidation at

400 °C for different time: (a, d) 3 h, (b, e, g) 9 h, and (c, f,h) 15h

increase of oxidation time, TiO, is formed in the TiB,-SiC
coating after oxidation at 400 °C for 9 h, which leads to the
formation of cracks in the coating. When the TiB,-SiC coating
is oxidized at 400 °C for 15 h, a small amount of glassy
oxidation products of B,O, and SiO, are formed, which seal
the cracks, increase the density of the coating, and hinder the
further oxidation of the coating.

XRD results of the TiB,-SiC coating oxidized at 400 °C for
0, 3,9, and 15 h are shown in Fig.2. The TiB,-SiC coating
after SAPS is mainly composed of TiB, phase and SiC phase.
SiC phase cannot be seen in the XRD pattern because its
content is small, as shown in the curve of 0 h. When the TiB,-
SiC coating is oxidized at 400 °C for 3 h, the phase of the
coating does not change significantly, but the peak of the
(101) crystal plane diffraction peak of TiB, decreases
significantly. After oxidation at 400 °C for 9 h, new phase of
TiO, is produced, but the crystallinity is small. When TiB,-SiC
is oxidized at 400 °C for 15 h, the diffraction peaks of TiO,
(101) crystal plane and (211) crystal plane are enhanced, and
the diffraction peak of the (111) crystal plane appears. It can
be seen from the curve of 9 h that the oxidation products SiO,
and B,0, are also produced, but they cannot be detected through
XRD due to their small amount, as shown in the curve of 15 h.

In summary, with the increase of oxidation time of TiB,-SiC
coating at 400 °C, the TiB,-SiC coating will be slightly oxi-
dized to form oxidized protective film of TiO,, B,0O; and SiO,,
which can effectively isolate oxygen diffusion from the inside
of the coating and retard the oxidation process of the coating,
giving the coating good oxidation resistance.

2.2 Microstructure of TiB,-SiC coating oxidized at 800 °C

The microstructures of TiB,-SiC coating oxidized at 800 °C
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Fig.2 XRD patterns of TiB,-SiC coating oxidized at 400 °C for 0 h,
3h,9h,and 15 h



Zou Ke et al. / Rare Metal Materials and Engineering, 2021, 50(8):2670-2677 2673

for 3, 9 and 15 h are shown in Fig.3. It can be seen that the
surface of the TiB,-SiC coating is flat and dense after the
oxidation at 800 °C for 3 h, a small amount of oxides appear,
and the oxidized product of TiO, is evenly distributed. Though
a few cracks are generated in the coating, the coating is still
relatively dense because of the protection of the dense glassy
oxidation product SiO,, as shown in Fig.3a and Fig.3d. When
the TiB,-SiC coating is oxidized at 800 °C for 9 h, there is a
large amount of sheet-like products stack on the surface of the
coating, which is analyzed by EDS as an oxidation product of
B,0; (as shown in Fig.3g). Part of the coating surface shows
granular morphology, wrapped by glassy SiO,. The coating
still has a few cracks and holes, as shown in Fig.3b and 3e.
After the TiB,-SiC coating is oxidized at 800 °C for 15 h, the
sheet-like products disappear, and the spinous oxidation
product B,O; is produced. The granular product TiO, is evenly
distributed on the surface of the coating, and the coating has a
large number of pores and cracks, as shown in Fig.3c and 3f.

TiB,-SiC coating oxidizes to form TiO,, B,O; and SiO, at
800 °C. Thermal residual stress is generated during the oxida-
tion process, and the glassy SiO, seals the cracks and holes,
which reduces further oxidation of the coating. As the
oxidation continues, B,0, and SiO, are insufficient to fill the
cracks and pores generated by oxidation, which increases the
contact area between oxygen and TiB,-SiC coating and
reduces the oxidation resistance of the coating.

Fig.4 is the XRD results of the TiB,-SiC coating oxidized at
800 °C for 0, 3, 9, and 15 h. When the TiB,-SiC coating is
oxidized at 800 °C for 3 h, the diffraction peaks and peaks of
the TiB, (101) crystal plane and the (100) crystal plane signifi-
cantly decrease, and the oxidized product TiO, forms. After
oxidation at 800 °C for 9 h, the diffraction peak of TiB, con-
tinuously decreases, and the diffraction peaks of (112), (200),
(201) and (112) planes of TiB, disappear. At the same time,

many diffraction peaks of TiO, appear according to the curve
of 9 h. At 3 h, the formation of B,0, phase can be deduced,
but it cannot be detected at 9 h because B,0, is amorphous.
When the TiB,-SiC coating is oxidized at 800 °C for 15 h, the
oxidation phase of the TiB,-SiC coating tends to be stable, and
does not change much compared with that at 9 h.

In summary, it can be seen that the TiB,-SiC coating is
firstly oxidized at 800 °C to form a granular TiO, phase, and
the oxygen diffusion rate of SiC is low, which alleviates the
oxidation process of TiB,-SiC coating. As the oxidation
proceeds, a flaky B,0, phase and a glassy SiO, phase are
formed, which seal the cracks and pores generated by the
oxidation, thereby effectively alleviating the further diffusion
of oxygen into the interior of the coating. However, with the
prolongation of oxidation time, the amount of B,O; and SiO,
are not enough to fill the cracks and pores generated by oxi-
dation; thus the oxidation of TiB,-SiC coating is accelerated.
2.3 Oxidation kinetics curve of TiB,-SiC coating

The oxidation kinetics curve of TiB,-SiC coating at 400 and
800 °C for 15 h is shown in Fig.5. It can be seen from Fig.5
that the TiB,-SiC coating has a uniform oxidation mass gain
trend at different temperatures, which is consistent with the pa-
rabolic law. When the TiB,-SiC coating is oxidized at 400 °C,
the mass gain rate is faster in the initial stage. As the oxidation
time increases, the growth rate gradually becomes gentle and
enters into the steady state. When the TiB,-SiC coating is
oxidized at 800 ° C, the oxidation rate is fast with uniform
acceleration of mass gain in the initial stage. As the oxidation
goes on, the surface of the coating is covered by the oxidized
protective films TiO,, B,O, and SiO,, and the oxidation rate is
gradually reduced.

The oxidation mass gain curve of the TiB,-SiC coating
conforms to the parabolic equation, i.e., it satisfies y*=kx. The
oxidation kinetic curves of the TiB,-SiC coating are fitted to
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Fig.3 Surface morphologies (a~c), cross-sectional morphologies (d~f) and EDS results (g) of TiB,-SiC coating after oxidation at 800 °C for

different time: (a, d) 3 h, (b, e, g) 9 h, (c,f) 15h
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Fig.4 XRD patterns of TiB,-SiC coating oxidized at 800 °C for 0 h,
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Fig.5 Oxidation kinetics curves of TiB,-SiC coating at 400 and
800 °C (b)

determine the oxidation rate constants of the TiB,-SiC coating
at 400 and 800 °C. The oxidation rate constant k, at 400 °C
and k, at 800 °C of TiB,-SiC coating are 1.92x10” and 1.82x
10* mg’-cm™s”, respectively. The oxidation rate of the TiB,-
SiC coating at 800 °C is one order of magnitude higher than
the one at 400 °C, indicating that the higher the temperature,
the faster the oxidation rate of the TiB,-SiC coating.

2.4 Anti-oxidation mechanism of TiB,-SiC coating

To further illustrate the oxidation resistance mechanism of
TiB,-SiC coating, the thermogravimetric weight of TiB, and
TiB,-SiC coating from room temperature to 1400 °C was ana-
lyzed. Fig.6 shows the TG-DSC curves of TiB, and TiB,-SiC.
It can be seen that the oxidation trends of TiB, and TiB,-SiC
are basically the same.

The DSC curve in Fig.6a shows that two endothermic peaks
appear at 501.2 and 717.6 °C for pure TiB,, which is caused
by the reaction of TiB, with O, in the air to form TiO, and
B,0,. The TG curve indicates that TiB, has two distinct mass
gain steps in the oxidation process, corresponding to the two
endothermic peaks in the DSC curve.

The DSC curve in Fig. 6b shows that two endothermic
peaks appear at 516.6 and 663.6 ° C for TiB,-SiC coating,
which is caused by the reaction of TiB,-SiC with O, in air to
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Fig.6 TG-DSC curves of TiB, (a) and TiB,-SiC (b)

form TiO,, B,0, and SiO,. The TG curve indicates that TiB,-
SiC has two distinct mass gain steps in the oxidation process,
corresponding to the two endothermic peaks in the DSC curve.

According to the analysis of Fig. 6, the oxidation of TiB,
and TiB,-SiC can be roughly divided into four stages, as
shown in Table 2. The oxidation process of TiB, is as follows.
(1) When the temperature is between room temperature and
521.6 °C, the mass gain rate is 9.97%. At this time, the surface
of TiB, begins to slowly oxidize to form solid phase TiO, and
B,0,. The peak of 501.2 °C corresponds to the melting point
of B,0,. With the melting of B,0,, the heat is absorbed and the
amount of oxidation is unchanged, so the mass gain is not
high. (2) When the temperature is 521.6~964 °C, the mass
gain rate is 63.13%. As the temperature increases, the
oxidation process accelerates, the products TiO, and B,O,
increase continuously, and the oxidation mass gain is very
large. (3) When the temperature is 964~1306 °C, the mass
gain rate is 12.96%. As the temperature increases, the oxida-
tion accelerates, but the liquid phase B,O, blocks the pores
and cracks, and inhibits the oxidation progress. (4) When the
temperature is 1306~1389.4 °C, the mass gain rate is 21.08%.
The peak value of 1378.8 °C corresponds to the volatilization
temperature of B,O,, and B,0, will slowly evaporate. The
higher the temperature, the faster the evaporation rate, the

Table 2 TG-DSC analysis results of TiB, and TiB,-SiC

TiB, TiB,-SiC
Stage 7/°C Aw/% Stage T/°C Aw/%
1 25~521.6 9.97 1 25~568.8 8.22
2 521.6~964 63.13 2 568.8~806.4  54.30
3 964~1306 12.96 3 806.4~1082.4 31.79
4 1306~1389.4  21.08 4 1082.4~1331.4  6.00
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smaller the inhibition effect of the glassy B,0O, as the oxygen
diffusion layer, the faster the oxidation rate, and the lower the
oxidation resistance.

The oxidation process of TiB,-SiC is as follows. (1) When
the temperature is between room temperature and 568.8 °C,
the mass gain rate is 8.22%. At this time, TiB,-SiC is slightly
oxidized ", and solid phase TiO, and B,O, are formed, and
the mass gain is not obvious. (2) When the temperature is
568.8~806.4 °C, the mass gain rate is 54.30%. Compared with
pure TiB,, TiB,-SiC has a smaller absorption peak, and the
mass gain rate also decreases significantly, indicating that the
addition of SiC effectively inhibits the oxidation of TiB,.
(3) When the temperature is 806.4~1082.4 °C, the mass gain
rate is 31.79%. As the temperature increases, the oxidation
accelerates, but the liquid phases B,0;and SiO, block the
pores and cracks, and the oxidation rate is alleviated.
(4) When the temperature is 1082.4~1331.4 °C, the mass gain
rate is 6.00%. The evaporation of B,O; accelerates the
oxidation and decreases the oxidation resistance, but the
glassy SiO, slows down the oxidation process of TiB,-SiC.
The addition of SiC improves the oxidation resistance of TiB,.

Combined with the previous analysis, it can be concluded
that the following chemical reactions occur in the TiB,-SiC
coating from room temperature to 1400 °C:

TiBz(S)+%Oz(g)=TiOZ(S)+B203(s) 3)
B,0;(s) = B,05(1) 4
SiC(s)+%Oz(g)=SiOz(s)+CO(g) (5)
B,0;(1) = B,0;(g) ©)

When the temperature is lower than 500 °C, the TiB,-SiC
coating undergoes a slight oxidation reaction to form a solid
phase oxidized protective film TiO, and B,0, to avoid internal
oxidation of the coating material. As the temperature
increases, the oxidation time increases, TiB,-SiC coating
produces dense glassy oxidation product B,O, and SiO,,
which can seal pores and cracks generated by oxidation, and
effectively alleviate further oxidation of TiB,-SiC coating.
When the temperature reaches 1082.4 °C, some liquid B,O;
begins to volatilize, resulting in pores in the coating, which
causes a larger contact area of the TiB,-SiC coating with air

and accelerates the oxidation of the coating.

During the oxidation process, the oxidized product TiO,
acts as a hard “skeleton” for the TiB,-SiC coating, supporting
the entire coating system!"®. The oxidized product SiO, has a
low oxygen diffusion rate, which can effectively isolate the
internal coating from contact with air and slow the oxidation
rate of the TiB,-SiC coating. At the same time, SiO, behaves
viscous flow property at high temperature, which can block
the pores and cracks generated during the oxidation of the
TiB,-SiC coating, and give the coating a “self-healing”
ability!"”'®. Therefore, the oxidation resistance of the TiB,-SiC
coating can be significantly improved by adding the second
phase of SiC.

2.5 Corrosion resistance of TiB,-SiC coating

Since 900 °C is close to the practical application tempe-
rature, it is chosen for the molten salt corrosion resistance
research for TiB,-SiC coating. The microscopic morphologies
of the TiB,-SiC coating melted in aluminum solution for 8 h
are shown in Fig. 7. After the TiB,-SiC coating prepared by
SAPS is etched in the molten salt, the surface is covered with
a dense glassy substance without obvious molten salt adhesion
and fine cracks on the surface, as shown in Fig.7a. This is
because the TiB,-SiC coating prepared by SAPS is very dense,
and the molten salt is difficult to adhere to the surface of the
TiB,-SiC coating. At the same time, the cooling process of
oxidized product of B,0, generates thermal residual stress and
causes cracks.

It can be seen from Fig.7b that the cross section morpho-
logy of the TiB,-SiC coating after molten salt corrosion can be
divided into four layers: a molten salt layer, an outer etching
layer, an inner etching layer and a substrate layer'”. The
molten salt layer has a clear boundary with the TiB,-SiC
coating. The outer corrosion layer has a loose structure, and
the inner corrosion layer is dense and tightly bonded to the
substrate.

In order to further understand the corrosion of TiB,-SiC
coating by aluminum electrolyte, the element distribution of
TiB,-SiC coating after molten salt corrosion was analyzed.
Fig.8 shows the elemental distribution after salt corrosion of
TiB,-SiC coating prepared by SAPS. It can be seen that TiB,-
SiC coating prepared by SAPS still maintains a dense

Fig.7 SEM images of surface (a) and cross sectional (b) morphologies for TiB,-SiC coating prepared by SAPS after molten salt corrosion
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structure after corrosion, and no cracking and peeling of the
coating occur. Ti and Si are uniformly distributed in the TiB,-
SiC coating, and a slight oxidation reaction occurs. The
molten salt elements such as Al and F are mainly concentrated
in the molten salt layer, also distributed in the outer etching
layer and the inner etching layer partially, and not diffused to
the graphite matrix, as shown in Fig.8.

2.6 Corrosion resistance mechanism of TiB,-SiC coating

At present, there are two main viewpoints on the corrosion
infiltration mechanism of aluminum electrolytic molten salt to
cathode materials: one is the sodium vapor migration
mechanism proposed by Dell®., and the other is the diffusion
mechanism proposed by Li®". The mechanism of sodium
vapor migration is considered to be that the boiling point of
sodium is lower than that of molten aluminum, and sodium
insertion first occurs in the porous portion of the carbon
material, so sodium migrates into the interior of the carbon
material in the form of sodium vapor. The diffusion
mechanism assumes that sodium is diffused into the crystal
lattice and grain boundaries of the cathode material by
permeation. Using molten salt electrodeposited TiB, coated
graphite as a cathode for aluminum electrolysis, Ban”? found
a small amount of Na in the graphite matrix. Therefore, the
use of such coating as a cathode can only temporarily hinder
and slow the generation and penetration of Na. In contrast, the
TiB,-SiC coating prepared by plasma spraying is dense in

structure and can effectively resist molten salt corrosion and
electrolyte penetration.

Since the temperature of the molten salt experiment is
higher than the boiling point of sodium, there is also a
corrosion of the TiB,-SiC coating by sodium vapor during the
diffusion of the molten salt. The TiB,-SiC coating has good
wettability with aluminum liquid and can form a dense
aluminum liquid protective layer on the surface of TiB,-SiC
coating. When the molten salt electrolyte penetrates into the
substrate and the cathode material expands and breaks, it must
pass through the aluminum liquid layer on the surface of the
TiB,-SiC coating. As a barrier layer of the cathode, the TiB,-
SiC coating prevents the penetration of the molten salt
electrolyte into the substrate and to suppress the generation of
Na. The higher the TiB, content in the TiB,-SiC coating, the
better the wettability with the aluminum liquid and the
stronger the cathodic protection®. At this time, the
electrolytes produced by the molten salt must first pass
through the aluminum liquid layer, then pass through the TiB,-
SiC coating, and finally diffuse into the graphite substrate.
The aluminum liquid electrolyte needs a longer period of time
to penetrate into the cathode graphite substrate with the TiB,-
SiC coating than into the ordinary graphite substrate, so the
TiB,-SiC coating reduces the electrolyte penetration and

corrosion of the cathode material.

Fig.8 SEM image (a) and element distribution (b~h) of TiB,-SiC coating prepared by SAPS after molten saft corrosion
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3 Conclusions

1) The TiB,-SiC coating prepared by SAPS has good
oxidation resistance, and there is no obvious ablation at 400
and 800 °C. The oxidation kinetic curves of TiB,-SiC coating
at 400 and 800 °C conform parabolic law. The oxidation rate
constants of TiB,-SiC coating at 400 and 800 °C are 1.92x
10° mg*>cm™s™ and 1.82x10*mg*-cm™'s™', respectively.

2) When the temperature is low, the TiB,-SiC coating is
slightly oxidized to form oxidized protective films TiO, and
B,0, to avoid further oxidation of the coating. When the
temperature is high, the formation of dense glassy protective
film SiO, can seal the pores and cracks generated by oxidation.
When the temperature reaches about 1082.4 °C, B,0O, evaporates
and pores remain inside the coating to increase the contact area
of'the coating with air, accelerating oxidation of the coating.

3) The TiB,-SiC coating prepared by SAPS has good
resistance to molten salt corrosion. TiB,-SiC coating maintain
a dense structure after molten salt corrosion, and no cracking
and peeling of the coating occur. TiB,-SiC coating has good
wettability with aluminum liquid, and forms a tight aluminum
liquid barrier layer during electrolysis, which effectively
prevents the penetration of molten salt electrolyte into the
substrate, and further reduces the penetration and corrosion of
electrolyte into the cathode material.
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BEREASFETHUR TiB,-SiC R BRI KT EEE Mt e

A% v, XEEEEH, ARAGMST, o B, IR, ORRERERC, MRS, R, & !
(1. FRRZ M ARG L FE p s, W Kb 410083)
Q. T HRAB PR 5T BRI TR A E X TR = T REAIRKRN TRESEARE SN, &R T 510650)
Q. zHEEEMERVERAR, = £ 663000)

. SR EOCASEE TmHR T & 4B TiB,-SICIRE, WAL T TiB,-SiCIRE1E 400 #1800 C I MERE, R A AL HLEL.

X TiB,-SiC IRk JETE 900 C T I Hu AR 4 £h i ik 1k e

ATRTSE, TFERD IS S T L BE . 5 2RAR ], S RS B T A 4% 1) TiB,-

SiC 2 BA BIFIIPAALTE, 7£400 C R HE R H B0 1.92x10° mg2-cm™ s, 7E 800 °C (AL 4 H08 1.82x10 mg? em*s™ .
FIHKAREE THHR T TiB,-SiCIRJZTE 900 C N EAH RIUFHIPUS IR MMERE, JE M5 TiB,-SiC R Z MR SR 45k, KRR
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