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The aim of this study is to determine the cyclic oxidation behavior of cubic boron nitride (¢c-BN) and hexagonal
boron nitride (h-BN) in air atmosphere at elevated temperatures. For this purpose, as-received powders of both
compounds were first characterized by XRD and SEM. c¢-BN and h-BN powders were shaped by cold pressing
for oxidation studies. Tests were performed in air atmosphere at 800°C and 1000°C for 5, 10, 15 and 20 hours.
After each oxidation test, the mass changes were measured. XRD, SEM and EDS analyses were conducted on the

oxidized samples and the results were discussed.
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1. Introduction

Boron nitride (BN) is an inorganic material with a wide
application area in industry due to the similarity of its
crystal structures and phase changes to those of carbon,
high thermal shock resistance, high thermal conductivity,
high dielectric constant, chemical stability, and lubricat-
ing properties. It is a chemical compound with chemical
formula of BN, consisting of equal numbers of boron and
nitrogen atoms [1].

Boron nitride is known to exist in several modifica-
tions and these are of considerable interest, since their
structural forms and certain physical characteristics are
similar to analogous properties of carbon modifications.
The use of boron nitride in various fields of technology
is constantly growing [2]. Although BN is a compound,
its structure is often compared to that of carbon. There
are three forms of BN: a-BN or h-BN which has a lay-
ered hexagonal structure, similar to graphite; 5-BN or
c-BN, a diamond-like material, formed under high pres-
sure with a cubic zinc blende structure; and v-BN, which
has a wurtzite structure [3].

In particular, studies on corrosion resistance of boron
nitride in oxidizing media at high temperatures are es-
pecially important for determining specific fields of ap-
plication and temperature ranges of the corresponding
processes [2]. In literature, there are studies examining
the oxidation properties of dense-sintered boron nitride
samples [1, 2, 4-6]. In addition to these studies, oxida-
tion behavior of cold pressed c-BN and h-BN needs to
be considered. This paper describes the cyclic oxidation
behavior of cold pressed c-BN and h-BN pellets in air at
elevated temperatures.
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2. Materials and equipment

In this study commercial c-BN and h-BN powders ob-
tained from Element 6 company (South Africa) were
used. According to the information received from the
suppliers, c-BN and h-BN powder grains have dimensions
of 2-4 pym. Powders were compacted as pellets for proper
measurement. Pellets were formed by using a mould with
20 mm diameter and cold pressed under a 150 bar form-
ing pressure. To improve the plasticity and mechanical
strength of the pellets, carboxymethyl cellulose (CMC)
was added as an aqueous solution (4% by weight). It
was observed that after drying at 110 °C, pellets became
harder and therefore were suitable to use in the oxidation
tests. To be able to measure properly the weight changes
of the pellets after the oxidation tests, it was necessary
to drill a hole through the pellets. Pellet samples were
then suspended inside a quartz crucible.

Oxidation tests were conducted in a box furnace at
temperatures between 800 and 1200°C for a total of
20 h in 4 cycles, each lasting 5 h. Before and after
each oxidation test, sample mass changes and dimen-
sions of the samples were measured and mass change-
time graphics were drawn. The surface morphologies
and microstructures of the oxidized pellets were inves-
tigated using JEOL-JSM 6060 scanning electron micro-
scope (SEM). An X-ray diffractometer (Rigaku D/Max-
2200/PC) with a Cu K, tube was used to determine the
oxidation products formed on the pellet samples.

3. Results and discussion
3.1. Characterization of the powder samples

Figure 1 shows the results XRD analysis of as received
h-BN and ¢-BN powder. According to the XRD data
base the h-BN powder sample shows similarity with the
BN material that has a catalogue number of 034-0421
and the ¢-BN powder sample shows similarity with the
BN material that has a catalogue number of 035-1365.
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Fig. 1. XRD patterns of as-received (a) h-BN and (b)

¢-BN powder. (H: h-BN, C: ¢-BN).

Figure 2 shows SEM images of the as received (a) h-BN
and (b) ¢-BN powder. In Fig. 2a, powder crystals with
lamellar geometric shapes and dimensions in a few mi-
crometers range are observed. EDS analysis of the white
square area in Fig. 2a has shown that the selected area
contained 80.078% of B and 19.922% of N. Figure 2b
shows SEM images of the c-BN powder. Here, powder
crystals are observed to have cubic shapes and dimen-
sions of a few micrometers. EDS analysis of the white
square area in Fig. 2b has shown that the composition of
the area was 83.176% of B and 14.492% of N.

Fig. 2.
c-BN powder.

SEM images of as-received (a) h-BN and (b)

3.2. Ozxidation test results

Kinetics of the oxidation behavior can be evaluated
by considering the weight change measurements of the
tablet samples as well as the corrosion products. Because
characteristics of corrosion products have a significant
impact on the measured weight changes and depend on
the temperature and the duration of the experiments.

For example, if the oxidation products are only in the
solid state and did not spall (fall off) from the sample
surfaces, the oxidized samples are supposed to have a

net increase in their weight. However, if the corrosion
products are only in gas state, there will be a decrease
in the weight of the oxidized samples. During oxidation,
the formation of the liquid phase will cause weight gain or
weight loss, depending on the duration and temperature
of the tests.

Corrosion products in different states can form on the
same sample simultaneously. In all cases, the weight
change per unit surface area Am/A is expected to
change with the features of the corrosion products and
with the experimental conditions (experiment duration
t and temperature).

In Fig. 3, Am/A values for h-BN and ¢-BN are shown
as functions of time and temperature. These graphs show
that pellet samples have gained weight during oxidation
at all temperatures, with the exception of c-BN pellet, ox-
idized at 800°C. In Fig. 3 it is also observed that weight
changes of the borides have increased with temperature.
At 1000°C, both compounds have shown a rapid weight
gain for the 5-hour tests. But later, the rate of weight
gain has decreased. At 800°C a loss of weight was ob-
served for c-BN.
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Fig. 3. Relative weight changes of the (a) h-BN, (b)
¢-BN pellets oxidized at 800 °C and 1000 °C.

From these results it is possible to suggest a mech-
anistic model stating that BN samples lost weight due
to the release of nitrogen gas while gaining weight due
to the formation of boron oxide. XRD analyses of the
oxidized h-BN and c-BN pellets have shown that be-
sides boron nitride phases, BoO3 phase has formed dur-
ing the oxidation tests conducted in air at the indicated
temperatures (Fig. 4).

Thermodynamic stability of the products resulting
from chemical reactions of boron nitride with oxygen can
be determined by considering the standard Gibbs free
energy changes AGY of the oxidation reactions. Table I
shows the chemical reaction and AG? values of the reac-
tion calculated using data from the literature. AG° val-
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Fig. 4. XRD patterns of the (a) h-BN and (b) ¢-BN
pellets oxidized at different temperatures (H: h-BN, B:
BQOg, C: C—BN).

ues given in Table I indicate that the oxidation reactions
can take place as written at the indicated temperatures
and that B2O3(l) and N2(g) are thermodynamically sta-
ble as oxidation/corrosion products.

TABLE I

Oxidation reaction and standard Gibbs free energy
changes AG® (kJ) [7].

Oxidation reaction 800°C |1000°C|1200°C
2BN(s)+ 2 02 (g)=B203 (1) + Na (g)|— 1191.8|—1184.7|—1177.9

In addition, NOy(g) may form as a product. However,
many different rates and rate laws have been reported
and there is no agreement on the fundamental mecha-
nism of oxidation. These varying results suggest that ox-
idation behavior is dependent on such issues as porosity,
impurities, and crystalline form [3].

Podobeda et al. have studied the oxidation of BN pow-
ders. They observe two stages of chemical reaction at
heating these powders. The first, occurring at 40-400 °C,
involves the release of water from the BN structure. This
involves both desorption of water and decomposition of
boric acid impurities in the BN. At higher temperatures,
Podobeda et al. observe measurable oxidation. The on-
set of measurable oxidation was generally at about 800 °C
and had tended to decrease with higher oxygen impurity
levels within the BN [2, §].

Lavrenko and Alexeev have reported results for the
high temperature oxidation of boron nitride. At temper-
atures between 600-800 °C, no sample weight change was
observed by the authors. Oxidation of the cubic boron
nitride was observed to start only at 900 °C [1].

Figure 5 shows the microstructures of the samples after
oxidation. It is observed that different microstructures
were formed at different experimental temperatures. The

Fig. 5.

SEM images of (a) h-BN and (b) ¢-BN pellets
oxidized at 1000°C for 10 h.

consolidation of the grains (Fig. 5a and b) and formation
of the network-like structure (Fig. 5b) between the grains
are seen clearly.

4. Conclusions

In this study, cyclic oxidation behaviors of ¢-BN and
h-BN were investigated. The following conclusions can
be drawn from the obtained results.

B203 was found to be the main oxidation product.
Thermodynamically formation of Ny(g) is possible. It
was observed that cyclic oxidation behavior of the sam-
ples depended on temperature and time. At 800°C h-BN
samples have shown weight gain while c-BN samples have
shown weight loss. At 1000°C significant weight gains
were observed for both of the samples. Formation and
volatilization of BoO3 had a significant effect on the oxi-
dation behavior of the samples.
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