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Abstract
In the present work, the hot corrosion behavior of ZrB2-SiC-graphite (G) composite in different media at 900 and

1000 °C was investigated in detail. The results indicated that the ZrB2-SiC-G composite became slightly corroded
in NaCl molten salts owing to the ZrB2 phase of the ZrB2-SiC-G composite being oxidized by oxygen molecules
dissolved in the NaCl molten salts. However, the ZrB2-SiC-G composite underwent more severe corrosion in Na2SO4
molten salts, owing to the complex oxidation and sulfidation reaction of the ZrB2-SiC-G composite exposed to oxygen
molecules and decomposition products of Na2SO4 at high temperature.
Keywords: ZrB2-based composites, molten salts, hot corrosion, sulfidation

I. Introduction
Zirconium diboride (ZrB2) as an ultra-high tempera-

ture ceramic has attracted considerable interest owing
to its extremely high melting temperatures (> 3000 °C),
high hardness (22 GPa), high thermal conductivity (65 ∼
135 Wm-1K-1), good oxidation and ablation resistance1 – 8.
In view of its good performances at extremely high tem-
perature, ZrB2 ceramic has been considered as a candi-
date material for use in thermal protection systems and
other components of hypersonic aerospace vehicles9 – 11.
Although ZrB2 ceramic has many advantages, its intrinsic
brittle characteristic results in poor thermal shock resis-
tance and prevents it from being widely used, especially
for applications in extreme environments12 – 15. The ad-
dition of appropriate amounts of SiC and graphite flake
(G) is an effective method to improve the comprehensive
performance of ZrB2-based composites. SiC not only can
enhance the mechanical properties, it can also improve
the oxidation resistance of ZrB2 by promoting the for-
mation of silicate-based glasses that inhibit oxidation at
temperatures between 800 and 1800 °C 16, 17. The graphite
flake introduced into the ZrB2-SiC composite can in-
crease fracture toughness and improve thermal shock re-
sistance, compared with the ZrB-SiC composites18, 19.
Therefore, ZrB2-SiC-G composite is currently consid-
ered as a promising candidate for use in extreme high tem-
perature 20, 21. Based on these potential applications, it is
necessary to investigate the corrosion behavior of ZrB2-
SiC-G composite in a harsh environment.

Some works have reported on the corrosion behavior
of ZrB2 powders and ZrB2-based composites in different
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corrosion environments at room temperature. Lee et al. 22

investigated the corrosion behavior of ZrB2 powders dur-
ing wet processing. They found that the surfaces of both
the pristine and corroded powders were predominantly
covered with ZrOH, and a certain amount of Zr-B bond-
ing. Huang et al. studied the corrosion behavior of ZrB2
in water and concluded that a thin ZrO2 layer measur-
ing 4.67 nm was formed on the ZrB2 surface after 1 h im-
mersion in water23. Monticelli et al. studied the electro-
chemical corrosion behavior of ZrB2 in aqueous acid so-
lutions containing different aggressive anions (i.e. sulfates,
perchlorates, chlorides, fluorides and oxalates) 24. They
found that ZrB2 had converted into both insoluble (mainly
ZrO2) and soluble (boric acid and complexes of the differ-
ent anions with Zr(IV)) corrosion products. Furthermore,
the corrosion behavior of ZrB2-20 vol% SiC composites
during exposure to aqueous acid or neutral solutions was
also studied by Monticelli et al. 25. They found that the
corrosion process of ZrB2 was not affected by the pres-
ence of the SiC reinforcement in the composites. Lavrenko
et al. studied the electrochemical oxidation of ZrB2 and
MoSi2 refractory compounds as well as ZrB2-MoSi2 ce-
ramics on exposure to 3 % NaCl solution26. The highest
corrosion resistance was observed in the case of compos-
ites with a small amount (5 ∼ 10 wt%) of MoSi2 owing to
their stable passivation at comparatively low anodic po-
tentials. Hot corrosion is defined as accelerated corrosion
that results from the presence of salt contaminants such as
Na2SO4, NaCl and V2O5

27 – 29. Molten salt technology
has been widely applied in the industrial world because of
its physical and chemical characteristics, especially its high
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electrical conductivity, high processing rate, and high dif-
fusion rate. And recently, it has attracted a great deal of at-
tention in the fields of jet engines, fuel cells, catalysts, and
metal refinement. Unfortunately, there is lack of informa-
tion regarding the hot corrosion behavior of ZrB2-based
composites in molten salt at high temperature.

In this paper, the hot corrosion behavior of ZrB2 plus
20 vol% SiC plus 15 vol% graphite flake (ZrB2-SiC-G)
composite in different molten salt conditions (i.e. NaCl
molten salts at (i) 900 °C and (ii) 1000 °C, respectively;
Na2SO4 molten salts at (iii) 900 °C and (iv) 1000 °C, re-
spectively) was investigated and the hot corrosion mecha-
nism of the ZrB2-SiC-G composite was discussed.

II. Experimental Procedure
Commercially available ZrB2 powders (Dandong

Chemical Co. Ltd., Dandong, China.) have a purity of
99.5 % and mean particle size of 2 lm. The SiC pow-
ders (Weifang Kaihua Micro-powder Co. Ltd., China.)
have a purity of 99.5 % and a mean particle size of 1 lm.
The graphite flakes (Qingdao Tiansheng Graphite Co.
Ltd., China) with a thickness of 15 lm and mean diam-
eter of 1 ∼ 2 lm have a purity of 99 %. The mixture of
ZrB2 plus 20 vol% SiC plus 15 vol% graphite flake (ZrB2-
SiC-G) was ball-mixed for 10 h in a polyethylene bottle
using ZrO2 balls and ethanol as the grinding media. After
mixing, the slurry was dried and then the mixture was
hot-pressed at 1900 °C for 1 h under a uniaxial load of
30 MPa in Ar atmosphere. The specimens with dimen-
sions of 4 mm × 6 mm × 10 mm (weighing about 1.2 g)
were cut from a disk with the electrical spark cutting
method. The boron carbide and diamond were mixed
in water to form an abrasive paste with high solids, and
the SiC sand paper was coated with the abrasive paste.
Finally, specimens were ground successively employing
SiC sand paper (normal 320, 400 and 600 grit) coated with
the abrasive paste and then the specimens were cleaned
ultrasonically in ethanol and dried at 80 °C for 1 h. NaCl
(1.0 kg) and Na2SO4 (1.0 kg) as corrosive media were in-
dividually filled into an alumina crucible and the alumi-
na crucible was placed in a resistance furnace (1300 °C,
SX2 – 36 – 12, Suzhou Jiangdong Precise instruments Co.,
LTD, China). The corrosion tests were conducted in the
alumina crucible in resistance furnaces in static air at 900
and 1000 °C using NaCl and Na2SO4 as corrosive media,
respectively, for 30 min because the melting point of NaCl
and Na2SO4 are close to 801 °C and 884 °C, respective-
ly. The temperature at the center of the alumina crucible
was monitored with a platinum-rhodium thermocou-
ple (0 – 1400 °C, WRR, Shanghai Wolan instrument Co.,
LTD, China) fixed in an alumina tube. When the temper-
ature of the salt was stabilized at the desired temperature
(900 °C and 1000 °C), the dried specimen was immersed
in the melting salts for 30 min, and then the specimen was
taken out and cooled with dried nitrogen. For compari-
son, some specimens were exposed directly to static air
at 1000 °C for 30 min. Since sodium chloride and sodium
sulfate can be dissolved in glycerin, and other salts (sodi-
um borate and boron sub-oxides) cannot be dissolved in
glycerin, the surface of the corroded specimens is repeat-
edly scrubbed using glycerol (AR, Linyi Lvshen Chemical

Co., Ltd. Shandong China) in order to remove the residual
molten salts after hot corrosion. The phase compositions
of ZrB2-SiC-G composite after hot corrosion in different
conditions were investigated with a Rigaku D/max-rb X-
ray diffractometer (XRD). The morphology of the speci-
mens after hot corrosion was investigated with a Holland
FEI Sirion scanning electron microscope (SEM) equipped
with an energy-dispersive spectroscopy (EDS).

III. Results and Discussion
Macrographs of specimens before and after hot corro-

sion tests are shown in Fig. 1. It can be seen that there are
slight changes after hot corrosion in NaCl molten salts at
900 °C and 1000 °C as shown in Fig. 1(b) and (c), respec-
tively, compared with macrograph of the specimen before
the hot corrosion tests as shown in Fig. 1(a). The starting
position of hot corrosion is mainly along the corners of
the specimen, resulting in the corners becoming rounded,
so there are strong edge effects in the test period of hot
corrosion as shown in Fig. 1(b) and (c). The hot corrosion
firstly spreads from the corners to the center of the speci-
men, and then spreads over the whole surface of specimen.
A white oxide layer is formed on the surface of the speci-
mens, which is quite similar to the result of isothermal oxi-
dation tests in air at 1000 °C, as shown in Fig. 1(f) which in-
dicates that the ZrB2-SiC-G composite undergoes a slight
corrosion attack owing to the strong corrosion resistance
of ZrB2, SiC and graphite to NaCl molten salts. Fig. 1(d)
shows the clear evidence of corrosion attack on the sur-
face of the specimen with a loose oxide layer corroded in
Na2SO4 molten salts at 900 °C for 30 min. As the tem-
perature increased up to 1000 °C, the macro-morpholo-
gy of the surface of the specimen shows obvious change as
shown in Fig. 1(e). In addition, the poor adhesion between
the oxide layer and substrates results in peeling phenome-
na of the oxide layer. Compared with the specimen corrod-
ed in NaCl molten salts, the ZrB2-SiC-G composite un-
derwent more severe corrosion in Na2SO4 molten salts.

(1) Composition analysis
Fig. 2 shows the XRD pattern of the surface of the

scrubbed specimen after hot corrosion in NaCl molten
salts at different temperatures and the XRD pattern of
isothermal oxidation in static air is used for comparison.
It is evident that the compositions of the surface are main-
ly composed of a small amount of ZrO2, NaBO2 and
Na10B4O11, which indicates that the ZrB2-SiC-G com-
posite undergoes obvious corrosion. During the isother-
mal oxidation in static air, the graphite flake is firstly ox-
idized to CO and/or CO2 at above 500 °C. When the
temperature rises to 900 °C, the boron element reacts with
oxygen to generate a protective B2O3 layer on the surface
of the ZrB2-SiC-G composite, meanwhile, the zirconium
element reacts with oxygen to generate ZrO2

30, 31. Be-
cause the oxidation rate of SiC is much slower than that
of ZrB2 in this temperature regime (≤ 1000 °C), the SiC
particles do not oxidize appreciably32, 33. Earlier stud-
ies have also concluded that B2O3 is an effective barrier
to the transport of oxygen, which can reduce the corro-
sion rate in static air 34, 35. However, the escape of CO
and/or CO2 promotes the volatilization of B2O3 layer.
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Fig. 1: Macrographs of specimens after hot corrosion test for 30 min; (a) before test; (b) hot corrosion in NaCl molten salts at 900 °C; (c) hot
corrosion in NaCl molten salts at 1000 °C; (d) hot corrosion in Na2SO4 molten salts at 900 °C; (e) hot corrosion in Na2SO4 molten salts at
1000 °C; (f) oxidation in static air at 1000 °C.

The ZrO2 peak intensity represents the corrosion rate, so
the corrosion rate for different corrosion conditions has
been found to increase in the following order: in NaCl
molten salts at 900 °C < in NaCl molten salts at 1000 °C
< in static air at 1000 °C. This result is due to the iner-
tia of NaCl to the specimen and a good fluidity of NaCl.
The corrosion behavior is mainly attributed to the speci-
men reacting with oxygen molecules dissolved in the NaCl
molten salts. The whole specimen was immersed in Na-
Cl molten salts with good fluidity during the test pro-
cess. Therefore, the dissolution and diffusion of oxygen

molecules in NaCl molten salts are limited. When the oxy-
gen molecules were reduced, the specimen is protected
by NaCl molten salts from oxidation by obstructing the
rapid contact between specimen and oxygen molecules.
Furthermore, it is expected that the amorphous phases in-
cluding B2O3 and SiO2 are formed. Therefore, a borosil-
icate is not detected by X-ray diffractometer because the
content of a borosilicate is too low for the detection lim-
it (approximately 5 %) of the X-ray diffractometer owing
to the high vapor pressure of the B2O3 and low oxidation
rate of the SiC phase.
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Fig. 2: XRD patterns of specimen surfaces after oxidation in static
air and hot corrosion in NaCl molten salts for 30 min.

The XRD patterns of the surface of the specimen were
also obtained to investigate the corrosion products in
Na2SO4 molten salts at 900 and 1000 °C for 30 min as
shown in Fig. 3. Compared with corrosion of the ZrB2-
SiC-G composite in NaCl molten salts and static air, a
great change in the composition is detected for the spec-
imen corroded in Na2SO4 molten salts. The sharpening
of the characteristic peaks of ZrO2 and NaBO2 is notice-
able. As shown in Fig. 3, the corrosion temperature does
not affect the corrosion products but the corrosion rate.
There is an obvious difference between the XRD patterns
of the two specimens corroded at different temperature;
namely, the characteristic peaks in the XRD patterns of
the product obtained at 900 °C were significantly lower
than that at 1000 °C. The sodium oxysulfides are readily

detected, and other complex compounds may also exist,
however, have not been detected owing to their low con-
tent. The ZrO2 peak intensity is qualitatively used again
to characterize the corrosion rate, so the corrosion rate
for different corrosion conditions has been found to in-
crease in the following order: in static air at 1000 °C < in
Na2SO4 molten salts at 900 °C < in Na2SO4 molten salts
at 1000 °C. This result is due to a loose oxide layer, activity
of Na2SO4 and the peeling phenomena of the oxide layer,
which will be discussed later.

Fig. 3: XRD patterns of specimen surfaces after oxidation in static
air and hot corrosion in Na2SO4 molten salts for 30 min.

(2) Microstructure
The micrographs of the surface of the specimen after hot

corrosion in NaCl molten salts at 900 and 1000 °C are
shown in Fig. 4.

Fig. 4: SEM images of surface of specimen after hot corrosion tests in NaCl molten salts at 900 ° C and 1000 °C for 30 min: (a) and (b) for
900 °C; (c) and (d) for 1000 °C; (a) and (c) is low magnification; (b) and (d) is high magnification.
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It can be seen that the surface of the specimen has become
rough and is covered with cuboid-like grains with an aver-
age size of about 1 lm (hot corrosion at 900 °C) and 2 lm
(hot corrosion at 1000 °C). EDS was used to test the com-
position of the oxide layer. However, the results (listed in
Table 1) of the EDS analysis for positions 1 and 2 are qual-
itative owing to its low sensitivity to light elements (i.e.
boron)35. The results of EDS (Table 1) and XRD (Fig. 2)
indicate that formed grains are mainly composed of ZrO2
covered with a trace borosilicate glass layer. The borosili-
cate glass forms because the oxidation of SiC is much slow-
er than that of ZrB2 at 900 or 1000 °C and the trace SiO2
can react with B2O3 to generate borosilicate glass 33. The
borosilicate glass layer is a kind of compound glass con-
sisting of SiO2, B2O3, NaBO2 and ZrO2. The ZrO2 grain
size becomes larger as the hot corrosion temperature in-
creases to 1000 °C in NaCl molten salts. A large number
of pits are found on the surface of the specimen after hot
corrosion owing to the escape of gaseous products, such as
CO and/or B2O3.

SEM images of the surface of the specimen after hot cor-
rosion in Na2SO4 molten salts at 900 °C are shown in
Fig. 5. As shown in Fig. 5(a) and (b), an oxide layer with
coarser particles is formed on the surface of the specimen.
The EDS results obtained from Spectrum 3 in Fig. 5(a) and
Spectrum 4 in Fig. 5(b) demonstrate that the particles are
mainly composed of O, Na, Si, Zr and S, and the oxide lay-
er is mainly composed of O, Na, Si, Zr, as listed in Table 1.
Although the boron element does exist, the sensitivity of
EDS to light elements (i.e. boron) is too low to detect the
boron element 35. In combination with the XRD analysis

(in Fig. 3), it could be found that the particles are mainly
composed of ZrO2, NaBO2, Na10B4O11 and NaxSyOz.

The formation of the oxide layer with multiple-phase
particles is due to following reactions: (i) ZrB2 and SiC
react with oxygen molecules dissolved in Na2SO4 molten
salts; (ii) ZrB2 and SiC react with Na2SO4 molten salts at
high temperature. Because the oxide layer can obstruct the
contact between the specimen and Na2SO4 molten salts,
which, to some extent, prevents the specimen from further
reacting with Na2SO4 molten salts. So the corrosion rate
of the specimen corroded in Na2SO4 molten salts at 900 °C
was slightly higher than that of the specimen oxidized in
static air at 1000 °C. The micrographs of the specimen sur-
face after hot corrosion in Na2SO4 molten salts at 1000 °C
are shown in Fig. 5(c) and (d). Obviously, hot corrosion
of specimen in Na2SO4 molten salts at 1000 °C is more
severe than that at 900 °C, which results in the formation
of porous and loose structures on the surface of the speci-
men. As shown in Fig. 5(c) and (a), the discontinuous layer
with the loose products covering the surface after hot cor-
rosion at 1000 °C is different from that after hot corrosion
at 900 °C. Although the surface of the oxide layer is coat-
ed with a glass layer as shown in Table 1 Spectrum 5, the
poor adhesion between the oxide layer and the substrate
results in the peeling of the oxide layer. So the oxide layer
with glass layer could not inhibit a severe corrosion attack
on the surface of the specimen. The corrosion rate for the
specimen corroded in Na2SO4 molten salts at 1000 °C was
obviously greater than that of the specimen for hot corro-
sion at 900 °C.

Fig. 5: SEM images of surfaces of specimen after hot corrosion tests in Na2SO4 molten salts at 900 °C and 1000 °C for 30 min: (a) and (b) for
900 °C; (c) and (d) for 1000 °C; (a) and (c) is low magnification; (b) and (d) is high magnification.
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Table 1: Element content of EDS analysis for different positions.

Positions Elements (wt%)

Zr B Si O Na S

1 21.2 0.2 16.3 55.2 7.1 0.0

2 28.2 0.3 15.9 49.5 6.1 0.0

3 21.6 0.1 16.5 45.6 6.7 9.5

4 18.6 0.5 18.5 46.3 5.5 10.6

5 15.9 0.4 19.6 47.6 6.6 9.9

SEM images of cross-sections of specimens corroded
in NaCl molten salts at 900 and 1000 °C are shown in
Fig. 6(a) and (b), respectively. There are no obvious dif-
ferences between the two morphologies of specimens,
implying that the specimens experience a similar corro-
sion process in NaCl molten salts at 900 and 1000 °C.
The thin oxide layer is readily detected and the obvious
interface between the oxide layer and substrates is not de-
tected, which indicates that ZrB2 has good resistance to
NaCl molten salts at high temperature. The cross-section
images of the specimen after corrosion in Na2SO4 molten
salts at 900 and 1000 °C are presented in Fig. 6(c) and (d),

respectively. The oxide layer on the surface of specimens
is readily observed in the cross-section images, which is
because the oxide layer is loose and there is poor adhesion
between the oxide layer and the substrate, which results
in the peeling phenomena of oxidation layer. The rough
strippable layer with the thickness of 20 lm was formed on
the surface of the specimen corroded in Na2SO4 molten
salts at 1000 °C. Furthermore, open pores existed not
only in the layer and interlayer, but also between the sub-
strate and the oxide layer. The porous and loose layer
loses its protective properties and acts as channels for
oxygen and molten salts diffusing into the substrates.

Fig. 6: Cross-section morphology of specimens after hot corrosion test for 30 min: hot corrosion in NaCl molten salts at 900 °C (a) and 1000 °C
(b); hot corrosion in Na2SO4 molten salts at 900 °C (c) and 1000 °C (d).
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The internal oxidation and sulfidation occurred when the
Na2SO4 molten salts quickly diffused into the substrate
through the pores. The hot corrosion was along the ox-
ide layer and grain boundary and a large interlayer be-
tween substrate and layer was formed, which promot-
ed the corrosion of the specimen. The structural features
result in different corrosion rates for different corrosion
conditions: in static air at 1000 °C < in Na2SO4 molten
salts at 900 °C < in Na2SO4 molten salts at 1000 °C.

(3) Hot corrosion mechanism
Based on the above experimental observations and analy-

sis, the hot corrosion mechanism of the ZrB2-SiC-G com-
posite in molten salts can be summarized as follows and
the schematic illustration of the hot corrosion process of
the ZrB2-SiC-G composite is shown in Fig. 7.

During the hot corrosion of ZrB2 phase, the ZrB2 phase
reacts with oxygen molecules to generate an oxide layer on
the surface of the ZrB2 phase in the initial corrosion stage.
NaCl molten salts cannot destroy the oxide layer and dif-
fuse into the substrate to attack the ZrB2 phase. How-
ever, for the ZrB2-SiC-G composite, the oxidation prod-
ucts such as B2O3, SiO2 and ZrO2 are formed on the sur-
face of specimen according to Reactions (1) and (2) 36 – 38.
Although the NaCl molten salts and oxidation products
do not react, the reaction between the specimen and oxy-
gen molecules dissolved in NaCl molten salts is promot-
ed at the high temperature. Then the reaction is prevented
by NaCl molten salts when the oxygen molecules are re-
duced.

2ZrB2+5O2→2ZrO2+2B2O3 (1)
2SiC+3O2→2SiO2+2CO (2)

However, the hot corrosion behavior of ZrB2-SiC-G
composite in Na2SO4 molten salts is different from that in
NaCl molten salts. In the interface between the Na2SO4
molten salts and the specimen, the Na2SO4 is decom-
posed to acidic SO3 and alkaline Na2O in high-tempera-
ture conditions according to Reaction (3). The SO3 is de-
composed to SO2 and oxygen molecules according to Re-
action (4) 39, 40.

NaSO4→Na2O+SO3 (3)
2SO3→2SO2+O2 (4)

Na2O+B2O3→2NaBO2 (5)
5Na2O+2B2O3→Na10B4O11 (6)
Na2O+SO3+2SO2→NaxSyOz (7)

In Na2SO4 molten salts, the ZrB2, SiC and C (graphite)
react with oxygen molecules,some of which are from dis-
solution in Na2SO4 molten salts and others are from de-
composition of Na2SO4. According to Reactions (1) and
(2), B2O3, SiO2 and ZrO2 are produced, whichresults in
the decrease of oxygen pressure and increase of sulfur ox-
ide pressure in the interface between the oxide and molten
salts. Sulfur oxide and oxygen are diffused into substrate
through the loose oxide layer and react with substrate by
internal oxidation and sulfidation. The oxidation prod-
ucts (mainly composed of B2O3, SiO2 and ZrO2) react
with Na2O to form borosilicate, NaBO2 (Reaction (5)),

Fig. 7: Schematic illustration of the hot corrosion process of ZrB2-SiC-G composites: (a) in NaCl molten salts; (b) in Na2SO4 molten salts.
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Na10B4O11 (Reaction (6)) and other salts containing sodi-
um ions (NaxSyOz(7)). The escape of CO and/or CO2
promotes the volatilization of the B2O3 layer, which re-
sults in the formation of the loose pores and interlayers at
higher temperature (1000 °C). The oxygen molecules and
Na2SO4 molten salts penetrate into the substrate through
the pores and destroy the continuous oxide layer, which
results in the oxide layer losing its protective properties.
Therefore, the hot corrosion of ZrB2-SiC-G composite in
Na2SO4 molten salts is more severe.

IV. Conclusions
The hot corrosion behavior of ZrB2-SiC-G compos-

ite in different media (i.e. NaCl molten salts at 900 and
1000 °C, Na2SO4 molten salts at 900 and 1000 °C) was
investigated. The results indicate that the ZrB2-SiC-G
composite undergoes a slight corrosion in NaCl molten
salts owing to the inertia of NaCl to the specimen and a
good fluidity of NaCl. The ZrB2 phase reacts with oxy-
gen molecules to form an oxide layer, which prevents the
specimen from contacting the reducing oxygen molecules.
However, the ZrB2-SiC-G composite undergoes more se-
vere corrosion attack in Na2SO4 molten salts, which is
due to the complex oxidation and sulfidation reaction
between original compositions of the ZrB2-SiC-G com-
posite, oxygen molecules and decomposition products of
Na2SO4 at high temperature. An oxide layer composed
of SiO2, B2O3, NaBO2, Na10B4O11, NaxSyOzand ZrO2
is formed on the surface of the ZrB2-SiC-G composite
after hot corrosion in Na2SO4 molten salts at 900 °C and
1000 °C. Although the oxide layer can obstruct the con-
tact between the specimen and Na2SO4 molten salts and
prevent the specimen from further corrosion, Na2SO4
still can participate in oxidation reactions of ZrB2 and SiC
phases. The loose oxide layer, activity of Na2SO4 and the
peeling phenomena of oxide layer result in different cor-
rosion rates for different corrosion conditions: in static air
at 1000 °C< in Na2SO4 molten salts at 900 °C < in Na2SO4
molten salts at 1000 °C.
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