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Aminoboranes, pure or partially converted into aminoborazines
using thermal or aminolysis polymerization, have been used as
boron nitride precursors. An amorphous BN preceramic is ob-
tained when pyrolysed up to 1000°C that can be stabilized using
further annealing up to 1400°C or crystallized into h-BN above
1700°C. These molecular precursors have been used to prepare
carbon fiber/ BN matrix microcomposites to get an efficient BN
coating on graphite and as a BN source in Si;N,/ BN composite
ceramic. The properties of these new types of samples have been
compared with those obtained by classical processes. The boron
nitride obtained from these precursors is a good sintering agent
during the hot-pressing of the samples. However, the crystallinity
of BN, even sintered up to 1800°C, remains poor. In fact, most of
the mechanical properties of the composite ceramic (density,
porosity, hardness) are clearly improved and the aminoboranes
can be considered as convenient boron nitride sources and helpful

sintering agents in hot-pressing technology. © 1997 Academic Press

INTRODUCTION

Boron nitride, in view of its unique properties, especially
the absence of electrical conductivity, oxidation resistance,
and optical transparency, offers advantages over other cer-
amics. Until recently, the main part of ceramics have been
prepared as powders and made into articles via classical
high-temperature techniques. However, their unreliable
processing and sintering characteristics make it difficult to
obtain high performance products (1,2). The need for more
processible boron nitride has opened new routes of obtain-
ing BN coatings, matrix and fibers. The transformation of
organoelement polymers to inorganic solids by polymer
thermolysis gives novel ceramic materials which can
be processed to fibrous or bulk materials. Polymers that
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contain boron and nitrogen offer an attractive approach
(3-5). Two classes of these compounds have been known for
many years: the borazines, six-membered ring B;N; ben-
zene like molecules, and the more simple aminoboranes
B(NHR);. The aminoborane chemistry was developed in
the early 1960s but no further attention was given to mater-
ial science applications (6—8). In regard to their simple and
high yield preparation through a one step reaction using
BCl; and a primary amine, RNH,, the aminoboranes have
been used in order to obtain boron nitride. Previously
reported works have described the polymerization of
tris(methylamino) borane and the ability of this compound
to provide turbostratic and then h-BN when thermolysed
up to 1700°C (9—11). The influence of the organic part of the
aminoborane has been studied and the conversion of bulky
aminoborane into boron nitride through an aminolysis re-
action performed (12). This reaction proceeds through an
exchange of the bulky amine for ammonia. The amino-
borane obtained is highly reactive and a polymerization
occurs as soon as the ammonia treatment is performed. This
aminolysis reaction, if run to completion, leads to a carbon
free precursor, where the borazine rings are bonded through
a NH bridge (13). The lowering of the carbon ratio of
the precursor allows the preparation of as pure boron
nitride as prepared from borazine polymers. However, as
described for borazine precursors, the wetting properties of
carbon-free precursors are low, especially toward carbon
fibers and graphite. The composites or coatings obtained
exhibit poor interface adherence or require hot-pressing
techniques to infiltrate the precursor into the carbon fiber
bundles (14, 15).

In the present work, several types of polymerization treat-
ments have been performed to get graphite coatings using

164



BORON NITRIDE PRECURSORS

tris(methylamino)borane or tris(isopropylamino)borane.
The efficiency of the protection was determined using oxida-
tion tests performed on coated graphite. In the same way,
the preparation of a BN matrix from aminoboranes have
been realized.

Boron nitride addition to silicon nitride, SizN,, leads to
composite ceramics which combine the mechanical proper-
ties of SizN, and the superior resistance of BN to the
thermal shock and to the erosion of molten metals. In order
to prepare the composites Si;N,—BN, several attempts have
been made to evaluate the efficiency of aminoboranes as
a boron nitride source and as a sintering agent when used
with silicon nitride and BN platelets.

RESULTS

Precursors preparation. The aminoboranes have been
prepared according to Reaction I. The synthesis is per-
formed at low temperature to reduce side reactions leading
to aminoborazines. The yield is high in regard to the more
expensive reactive, the boron trichloride. The crude product
is related to the nature of the amine. Using methylamine
a polymerization of the aminoborane occurs as soon as the
reaction is started and a mixture of tris(methylamino)
borane A and 1,3,5-tris(methylamino)-2,4,6-trimethylbora-
zine B is obtained. B is the first step of the polymerization of
A as shown in the general polymerization reaction shown in
the Scheme 1.

Using the bulky amine, PriNH,, no polymerization oc-
curs and the pure aminoborane is recovered. The polymeriz-
ation can be improved using ammonia treatment of the
crude product of the synthesis as shown in Scheme 2.

Usually the tris(methylamino)borane used as precursor
for ceramic preparation is a mixture of aminoborane (85
wt%) and aminoborazine (15 wt%). When the borazine
proportion increases, the precursor viscosity is raised and
the wetting properties toward the reinforcing substrate are
lowered. The aminolysis prepolymerization of the precursor
also increases the ceramic yield by decreasing the amount of
the hydrocarbon part of the precursor. This pretreatment is
especially efficient when tris(isopropylamino)borane is used
but to maintain the physical properties of the precursor, the
ammonia exchange must not exceed 20 to 25% molar of
aminoborane when used for impregnation. When pyrolysed
up to 1400°C the elemental composition of the BN matrix
obtained is related to the thermolysis conditions. Under an
inert gas flow, the tris(methylamino)borane precursor ther-
molysis leads to a black ceramic containing a large amount
of carbon (B, 33.4; C, 15.4; N, 45.5; H, 0.6; O, 5.3; Anal Calcd

BCL; + 6 RNHp ------ > B(RNH)3 + 3 RNH;3Cl

REACTION I

165

HN N R
I
-R _4
BN —4 BB R RnBw R
R —od |k Oii
NH'NH ~ 5 ENTON ONH A B
I
R R R R R R
X
A B
SCHEME 1. Thermal polymerization of B(MeNH);.

for BN: B, 43.6; N, 56.4). When the thermolysis is performed
in two steps, the first under an ammonia flow up to 500°C
and the second under inert gas up to 1400°C, white BN is
obtained and the carbon amount is drastically lowered (B,
40.3; C, 0.4; N, 58.0; H, 0.8; O, 4.0). Comparable results are
obtained from B(PriNH);. The thermolysis under an inert
gas does not lead to a ceramic because the stripping of the
aminoborane prevails over its polymerization however the
aminolysis followed by the thermolysis leads to white BN
(B, 38.3; N, 53.2; C, 0.7; H, 1.8; O, 6.4).

BN/C microcomposites and graphite coating. These pre-
cursors have been tested in a microcomposite preparation
using a dip coating technique. The bundles of PAN fibers or
graphite samples were dipped into the precursor and then
thermolysed following different conditions. The more effi-
cient thermal program is based on a two-step thermolysis
used for bulk precursors. From room temperature up to
500°C the heating rate is 0.5 Kmn~! while ammonia is
added to pure nitrogen. Then the temperature is raised to
1000°C with a 5 Kmn ™! heating rate under nitrogen. The
samples obtained are then stabilized up to 1400°C under
vacuum and a compact composite rod composed of carbon
filaments embedded in a BN ceramic matrixis obtained. An
optical micrograph of a cross section of this rod shows
a compact BN matrix obtained including very few bubbles
that is consistent with the thermolytic procedure favoring
the liquid or waxy form of the preceramic polymer allowing
the evolution of the gas formed during the polymerization.

The dip-coating technique has been used to protect
graphite samples. The usual thermolysis and stabilization
process has been employed to coat standard graphite cubic
samples of 6 mm edge and about 400 mg weight in order to

H,C
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SCHEME 2. Carbon free precursor obtained by total aminolysis of
B(PriNH)s.
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compare the results of the oxidation tests. When the opti-
mized process is used a tightly adherent coating is formed.
The optical surface micrography shown in Fig. 1 exhibits
large boron nitride chips separated by microcracks. Using
the same technique, a section of treated samples (Fig. 2)
shows that an irregular overlayer of about 10 um coats the
surface (A) and infiltrates the larger pores (B). If the
aminolysis of the precursor is complete, a carbon free pre-
cursor is obtained particularly with B(PriNH);. Unfortu-
nately in this case, the BN coating obtained is not adherent
to the substrate. These results are comparable with those of
the literature obtained using other precursors (13—15). To
evaluate the BN coating efficiency toward the graphite
oxidation, treated and untreated samples have been heated
up to 650 or 750°C under high vacuum and then placed
abruptly in air while their weight changes were recorded.
Figure 3 shows the results obtained using a monoimpreg-
nated-pyrolyse cycle of the samples. The weight loss rate of
the untreated sample at 650°C is comparable to the results
obtained using a coated sample but at a temperature of
750°C. At 650°C the oxidation rate of coated samples is 10
times lower than with uncoated graphite. These results show
the great efficiency of the impregnation thermolysis treat-
ment to cover graphite with a boron nitride thin overlay
using aminoboranes as BN precursors.

SisN4 /BN composite ceramic preparation. Hot-pressing
techniques have been used for many years to prepare
Si3N4/BN composite ceramics (16). New trends in nano-
structured ceramics have led to the development of new
syntheses involving complex molecular precursors reacted

FIG. 1.

Micrograph of the graphite coated surface.
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FIG. 2. Optical micrograph of a cross section of the BN-coating on
graphite.

to obtain polymers or gel whose thermolysis leads to com-
posite ceramics (17—19). In previous work (20), composite
SizN4/BN ceramic using classical sintering aids (5 wt%
Y,03, 2 wt% Al,03) and hot-pressing preparation has been
prepared and studied. In order to compare the properties of
the new synthetic routes, the composite ceramics have been
synthetized by mixing the molecular BN precursor with fine
powders of SizN, or with a mixture of SizN, and h-BN

2M/Mo %
0
-1 [
2 F
4
3t
A Uncoated graphite 650°C
¢ Coated graphite 650°C
[ ®  Coated graphite 750°C°
0 1 2 3 4 5 6 7 8 9 10

Oxidation time (hours)

FIG. 3. Efficiency of the coating protection of graphite against oxidation.
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platelets according to a described procedure (21), an homo-
geneous paste-like mixture is obtained. Two pyrolysis
temperatures, 700 and 1050°C, have been used for the pre-
ceramic, while the heating rate and the ammonia flow are
kept the same as for the bulky precursor thermolysis. A
preceramic white residue was obtained and introduced, un-
der controlled atmosphere, into graphite dies to be submit-
ted to a uniaxial hot-pressing up to 40 MPa and 1800°C
under a nitrogen atmosphere. Two Siz;N,/BN ratios, 21.3
and 27.7 wt%, have been obtained directly from Si;N, and
the precursor mixture and from the mixture Siz;N,, h-BN,
and the precursor to estimate the ability of the system and
the properties of the ceramics produced. Figure 4 shows the
shrinkage rate change during the hot-pressing of a 10% BN
prepared using the classical method and a 21.3% BN
sample (sample III) prepared with molecular precursor. The
evidence of the shrinkage aid afforded by the precursor
during the hot-pressing is very important and the compac-
tion of the powder is more efficient. Figures 5 and 6 show
two characteristic properties of composite ceramic: density
and hardness. The porosity is also lowered from 4.8% for
a 20% BN classical sample to 1.9% for a 21.3% BN sample
obtained from precursor thermolysis. These measurements
are indicators of an important increase of the qualities of the
ceramics and the samples obtained exhibit very good prop-
erties. No difference can be seen between the two temper-
atures used for the pyrolysis of the preceramics. The SEM
fractographic observation exhibits a very fine and isotropic
texture of the precursor made samples consistently with the
high density observed. BN obtained from molecular precur-
sors leads to good quality SizN,—BN composites under the
experimental conditions. The density, porosity and Vickers
hardness of the samples are clearly improved and the in-
crease in the density of the sample is easier than with
classical sintering aids. The aminoborane molecular precursor
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FIG. 4. Shrinkage rate change during the hot pressing for a 10% BN
sample and a 21.3% BN sample prepared from molecular precursor
(sample I11).
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FIG. 5. Density of the samples obtained. O, Classical obtained sam-
ples; @, samples obtained from preceramics.

can be considered as a sintering activator and as a boron
nitride source for Si;N,—BN composites preparation.

CONCLUSION

New trends in composite ceramics have rekindled interest
in inorganic polymers. Some recent findings are making
researchers look again at the potential of inorganic poly-
mers that can develop through sol—gel or copolymerization
technique, giving new access to nanostuctured ceramic. The
intimate structure realized directly from the precursor seems
to be able to enhance the composite ceramic properties. In
fact, early chemistry of aminoboranes can lead to an attract-
ive development because these compounds are among the
most easily available and less expensive of the boron nitride
molecular precursors.
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FIG. 6. Hardness change of the composite ceramics obtained.
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As it has been shown, the aminoboranes can be employed
for various purposes. The compounds or mixtures of precur-
sors used in the examples described can be modified in
regard to the special properties of the precursor required.
In the field of composite ceramics the preliminary results
obtained seem to be attractive, especially taking in account
the great difficulty in BN sintering. Preparation of coatings,
reinforced composites, and composite ceramics from or-
ganometallic precursors are new possibilities for develop-
ment in material science but also in solid state science,
especially in the determination of microstructures related to
nanostructured composites.
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