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High temperature oxidation behavior

of CaB6 sintered body
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The oxidation at high temperatures of hot-pressed calcium hexaboride (CaB6) sintered
body was investigated in order to determine the suitability of this material for application
at high-temperature. The oxidation of samples started at 1273 K, and the weight gain
increased with increasing oxidation temperature. C© 1999 Kluwer Academic Publishers

1. Introduction
Calcium hexaboride (CaB6), a metal boride belong-
ing to the 2 (2A) group, has been attracting a great
deal of attention as a material for structures exposed
to high temperatures, for surface protection, and for
wear-resistant parts used in a corrosive environment,
because of its favorable properties such as high melting
point (2373 K), high hardness (Hv= 27 GPa), chemical
stability and high electrical conductivity (103–101 S)
[1, 2]. Recently, studies have been carried out to deter-
mine the feasibility of using CaB6 as a potential mate-
rial for improvement of the abrasion resistance of bricks
for converter. Hanagiriet al.have reported that the ad-
dition of CaB6 together with metal to MgO-C bricks
for converter increased the high temperature strength
without decreasing the spalling resistance [3, 4]. Un-
fortunately, although the CaB6 is known to be resistant
up to high temperatures in air, it is rarely used at high
temperatures. To date, there have only been few re-
ports regarding the oxidation of CaB6. In this study, the
oxidation of the CaB6 sintered body from room tem-
perature to 1373 K is investigated in order to determine
its suitability for high-temperature application.

2. Experimental
CaB6 powder made by Advanced Refractory Technolo-
gies, Inc., USA (Grade S, No.C-300182, one batch for
all tests) was used as a starting material (catalogued val-
ues: purity= 99%, median particle size= 8µm). The
powder was packed in a carbon vessel in a resistance
furnace provided with carbon heating elements and sin-
tered by hot-pressing in vacuum at 1923 K for 1 h under
40 MPa pressure. The heating rate was 15 K/min.

The density of the sintered body was measured by the
Archimedes’ method. The relative density of sintered
body was approximately 100%. All the samples for ox-
idation studies were fabricated by sintering at 1923 K.
The sintered body was cut into 2× 2× 20 mm size and
the surfaces were polished with a diamond disk prior
to oxidation studies.
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Isothermal oxidation in air was carried out in an
electric furnace maintained at the desired temperature
(±1 K). The sample to be evaluated, was weighed care-
fully and placed in anα-alumina boat. This highly
pureα-alumina boat containing several samples was
directly introduced in the hot zone of the furnace at a
predetermined operating temperature onto a low den-
sity stabilized zirconia setter. After a prescribed period,
the sample, together with its boat, was removed from
furnace, allowed to cool and reweighed carefully. Mass
data were obtained with an accuracy of±0.1 mg using
an electric balance.

A few typical samples of partly oxidized samples
were subjected to X-ray diffraction (XRD) analy-
sis for phase evolution using an X-ray diffractometer
(CuKα/Ni filter, 40 kV, 30 mA) from Philips Ltd. The
powder diffraction peaks were identified using the com-
puter program which incorporates all of the data of the
X-ray cards of the International Center for Diffraction
Data.

Morphological changes of microstructures and the
specimen surfaces were examined by scanning electron
microscope (SEM) from Elionics Co., Ltd., Japan.

3. Results and discussion
Oxidation of CaB6 is expected to yield the following
oxides:

CaB6+ 5O2→ CaO+ 3B2O3 (1)

Even if the weight is apparently decreased by the vapor-
ization of B2O3 formed as one of the oxidation prod-
ucts at a high temperature, the weight of the sample
should increase with increasing oxidation time. Thus,
the weight gain due to the oxidation of the sample was
measured in order to evaluate relative oxidation resis-
tance [5, 6].

The oxidative weight gain of the sample from 473 to
1373 K versus oxidation temperature and time is shown
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Figure 1 Weight gain with oxidation as a function of temperature and
time: h: 5 min, x: 0.5 h, M: 1 h,N: 2 h,¤: 5 h,¥: 10 h andO: 25 h.

in Fig. 1. The weight gain of the sample oxidized be-
low a temperature of 1173 K for 1 h was approximately
1%. However, even if the oxidation time was extended,
an additional weight change did not occur. Thus, the
sample showed a good oxidation resistance at a high
temperature of 1173 K. Significant oxidation of sam-
ples started at 1273 K, and the weight gain increased
with increasing oxidation temperature. The samples ox-
idized at and above 1273 K also exhibited increasing
weight gain with increasing oxidation time. The oxi-
dation proceeded in accordance with the parabolic law
during the initial oxidation stage. For samples at and
above 1273 K, oxidation including initial stages fol-
lowed the parabolic rule. This trend implies that the
calcium oxide layer produced by oxidation serves as
a protective layer against oxygen, causing the oxida-
tion rates to be determined by the diffusion of oxygen
through the oxidation layer.

Figs 2–4 show the results of the powder X-ray
diffraction analysis of samples oxidized at 473 to
1373 K in air. The X-ray diffraction data of the starting
powder only showed peaks of CaB6 (Fig. 2). A similar
result was obtained for samples treated in air at 473 K
for 25 h; the weight gain was below 1%. The result
of X-ray diffraction showed no crystalline phase other
than CaB6 in the sample (Fig. 2). The samples heated
from 673 to 973 K for 25 h in air showed the presence
of an additional phase, calcium borate CaB4O7 (Figs 2
and 3). On the other hand, the samples oxidized from
1073 to 1173 K for 25 h indicated the formation of
CaB6 and calcium borate CaB2O4. However, the peaks
of CaB4O7 could not be identified (Fig. 4). A sample
oxidized at and above 1273 K for 25 h did not exhibit
any diffraction peaks, i.e., became amorphous. Postu-
lated oxidation products such as CaO and B2O3 could
not be detected (Fig. 4).

From the above data, we suggest that the low tem-
perature oxidation (673–973 K) of CaB6 follows the
equation:

CaB6+ 5O2→ CaB4O7+ B2O3 (2)

Figure 2 X-ray diffraction patterns of the oxidation surfaces at (a) room
temperature (as-prepared), (b) 573 K and (c) 673 K. The oxidation time
was 25 h. h andN; the peaks corresponding to CaB6 and CaB4O7,
respectively.

Figure 3 X-ray diffraction patterns of the oxidation surfaces at (a) 773 K,
(b) 873 K and (c) 973 K. The oxidation time was 25 h.handN: the peaks
corresponding to CaB6 and CaB4O7, respectively.

Reaction (4) may be considered as a first step in oxida-
tion. In the temperature range of 973–1073 K, CaB2O4
forms as follows:

CaB4O7→ CaB2O4+ B2O3 (3)

Furthermore, as a second step to oxidation (1073–
1173 K), the following oxides could be produced:

CaB6+ 5O2→ CaB2O4+ 2B2O3 (4)
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Figure 4 X-ray diffraction patterns of the oxidation surfaces at (a)
1073 K, (b) 1173 K, (c) 1273 K and (d) 1373 K. The oxidation time
was 25 h. h and x: the peaks corresponding to CaB6 and CaB2O4,
respectively.

SEM photographs of the surface of the sample oxidized
at 873 to 1273 K for 25 h is shown in Fig. 5. The surface
oxidized at 873 K showed a structure almost identical to
the surface of the as-received sample. A coarse grained
oxide layer was detected on the surface of the sample
oxidized at 873 K (Fig. 5b). Based on the results of the
X-ray diffraction analysis, calcium borate was present
on the surface of the sample oxidized at 673 to 1173 K.

Figure 5 Scanning electron micrographs of the oxidation surfaces at (a) room temperature (as-prepared), (b) 873 K, (c) 973 K, (d) 1073 K, (e) 1173 K
and (f) 1273 K. The oxidation time was 25 h.

The sample showed very good oxidation resistance at
1173 K because the surface layer of calcium borate
formed by oxidation, acts as a barrier against further
oxidation. On the other hand, the surface of the sample
oxidized at 1273 K, showed a layer on the surface which
appears to be vitreous.

4. Summary
To determine the suitability of CaB6 for high-tem
perature applications, we investigated its thermal ox-
idation process. The CaB6 sintered body was oxidized
from 473 to 1373 K for 5 min to 25 h in air. The weight
gain of the sample oxidized below 1173 K for 1 h was
approximately 1%. However, even if the oxidation time
was prolonged additional weight change did not occur.
For samples heated at 1273 K, the weight gain increased
with increasing oxidation temperature. The samples ox-
idized from 1273 to 1373 K exhibited increasing weight
gain with increasing oxidation time. Based on the re-
sults of SEM and X-ray diffraction analysis, calcium
borate (CaB4O7) was postulated to be present on the
surface of the samples oxidized from 673 to 973 K.
The samples showed a good oxidation resistance from
1073 to 1173 K, because the surface film of calcium
borate (CaB2O4) formed by oxidation acted as an oxi-
dation resistant layer.
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