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Abstract

Hexagonal boron nitride (h-BN) fibers were synthesized via the polymeric precursor method using boric acid (H;BO3) and melamine
(C3HgNg) as raw materials. The precursor fibers were synthesized by a water bath and BN fibers were prepared from the precursor at
1600 °C for 3 h in flowing nitrogen atmosphere. The products were characterized by X-ray powder diffraction, Fourier transformation
infrared spectroscopy, thermogravimetry and scanning electron microscopy. The results showed that h-BN fibers with uniform
morphology were successfully fabricated. The well-synthesized fibers were 1-2 um in diameter and 200-500 um in length.

© 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Boron nitride (BN) is well known for its excellent
properties such as extremely high hardness, high tempera-
ture stability, high electric insulation, low dielectric con-
stant and so forth [1,2]. These unique properties make BN
a promising material for many applications such as
refractories, lubricants, electrical insulators, laser devices
and catalyst supports [2-5].

Till now, intensive research works have been carried out
on the synthesis of BN, especially h-BN, which possesses
hexagonal structure with properties’ similar to those of
graphite. Some works have been carried out to synthesize
BN by a high temperature synthesis routes, carbothermal
reduction of boric oxide and direct nitriding of boric acid
with ammonia gas, etc. [6,7]. Besides these methods, other
methods were also developed to prepare BN. For example,
Narula et al. [8] and Kimura et al. [9] synthesized BN by
preceramic method using poly(borazinylamine) as the

*Corresponding author. Tel./fax: +86 10 6233 3622.
E-mail addresses: houxinmei0l @ 126.com,
houxinmei@ustb.edu.cn (X. Hou).

precursor. Rao and Kaner [10] and Solozhenko et al. [11]
reported a self-propagation route to synthesize crystalline
BN powder using MBF,; (M—K or Na), Li;N and NaNj.
Recently, BN was reported to be prepared at very low
temperature [12,13]. Hu et al. [14] reported that nanocrys-
talline BN with the whisker-like morphologies could be
synthesized through the reaction of KBH, and NH4CI at
650 °C. Chen et al. [15] synthesized BN with whisker-like
and flake-like morphologies through the reaction of BBr3
and Mg;N, at 400 °C.

Like many other non-oxide ceramics, the application of h-
BN is limited by its inherent brittleness. To overcome this
problem, BN can be prepared into fibers. Within this goal,
many researchers have focused on various methods to
produce BN fibers [12-15]. However, all of these methods
mentioned above require complicated and expensive appara-
tus or severe preparation conditions, resulting in the small
amount production. Herein, our group has recently made
very important progresses in the preparation of BN fibers
using boric acid as boron source and melamine as nitrogen
source, which results in facile and efficient synthesis of h-BN
fibers. One of the main advantages of this approach is the
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Fig. 1. XRD pattern (a) and FT-IR spectra (b) of the polymer precursor.

possibility of using melamine, a very cheap material as
nitrogen source to prepare BN fibers.

2. Experimental
2.1. Raw materials

Boric acid (H3BO;, > 99.8 mass% ) and melamine (C3H¢Ng,
> 99 mass% ) were used as raw materials to prepare the polymer
precursor. Nitrogen with high purity (> 99.999 mass%) was
used for the reaction atmosphere to get BN fibers from the
polymer precursor at high temperature.

2.2. Preparation of the precursor

The polymer precursor was prepared using H3;BO; and
C3;HgNg as raw materials at the ratio in accordance with
the following equation:

6H3BO;+2C3NgH; +3N,
=6BN +6H,0 4 6CO+6NH; 4+ 6NO (1)

The two powders were mixed in a beaker. 400 ml
deionized water was added in the beaker sealed by the
plastic wrap and heated in a water bath. When the

temperature reached 60 °C, 6.2 g H;BO3 was put into the
beaker. 4.2 g C;HgNg was added into the beaker when the
temperature reached 90 °C. The obtained solution was
stirred by magnetic stirring to ensure that the two powders
mixed uniformly and reacted completely. After that, the
beaker was cooled to room temperature naturally and held
for 12 h. Then the solution was filtered by pumping and
dried to obtain white fibers as the polymer precursor.

2.3. Synthesis of h-BN fibers

The obtained polymer precursor was sintered in a
vertical furnace at 1600 °C for 3 h in flowing nitrogen
atmosphere with the flow rate of 2 I/min. When the furnace
was cooled naturally to 300 °C, nitrogen was stopped and
white fibers were obtained.

2.4. Phase and microstructure characterization

The phases were identified by X-ray diffraction (XRD;
M21XVHF22, MAC Science, Y okohama, Japan) using Cu Ko
radiation (40 KV, 20 mA, 2=1.5406 A) in the angle range
10-80° with the scan speed of 2°/min. The morphology of the
fibers was examined by thermal field emission scanning electron
microscopy (FE-SEM; ZEISS SUPRATM 55, Germany).
Fourier transformation infrared spectra in transmission mode
were recorded on a Nicolet-Nexus 670 infrared spectrophot-
ometer (FTIR; Nicolet-Nexus 670, Germany) with a spectral
scanning range 4000-500 cm ~ ! using KBr wafer to analyze the
structure of the polymer precursor and BN fiber. The thermo-
analyser (TG/DTA, Nerzsch STA 449C, Germany) was heated
to 1600 °C in nitrogen at a heating rate of 10 °C/min to
investigate the reaction process. The sensitivity of the TG
microbalance is =+ 0.1 pg, which makes it possible to record
accurate weight changes during the reaction.
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Fig. 2. XRD pattern of the synthesized BN fibers.



X. Hou et al. | Ceramics International 39 (2013) 6427-6431 6429

Fig. 3. SEM photos of the polymer precursor (a) and the BN fibers (b).
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Fig. 4. FT-IR spectra of the BN fibers.
3. Results and discussion
3.1. Phase and microstructure characterization

Fig. 1a shows the XRD patterns of the polymer pre-
cursor. Compared with the characteristic peaks of H3BO;
and CsHgNg, it can be found that the phases of the precursor
are not a simple mixture of the two powders. The FT-IR
spectra of the precursor are shown in Fig. 1b. It can be seen
that the precursor is composed of N-H (3341.58 cm '), O-H
(319894cm™~"), C-H (144243cm~') and triazine ring
(808.05cm™"). It may be a kind of crystalline polymer
compound containing C, H, O and N elements. When the
polymer precursor was heated at high temperature, the
elements C, H and O left the precursor, forming a volatile
product, leaving the elements B and N to form BN with high
purity. The XRD pattern of BN fiber is shown in Fig. 2.
All of the five peaks with d-spacings of 3.4102, 2.1762,
2.0747, 1.6844, and 1.2556 A can be indexed as hexagonal
BN ((002), (100), (101), (004), and (110) respectively) (JCPDS
card no. 34-0421) [5,16]. No impurities such as B,O3 can be
detected in the XRD patterns.

SEM images of the polymer precursor and the obtained BN
fiber are shown in Fig. 3(a) and (b) respectively. As shown in
Fig. 3(a), it can be clearly seen that the morphology of the
polymer precursor was fiber-like with diameters of 2-5 um
and lengths of 20-500 um. The morphology of the obtained
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Fig. 5. TG-DTA of the precursor (a), H3;BOs (b) and C3HgNg (¢) in
flowing nitrogen at the heating rate of 10 °C/min.
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Fig. 6. Schematic diagram of the formation process of BN fibers with uniform morphology.

BN fiber shown in Fig. 3(b) is similar to that of the polymer
precursor, illustrating that the BN fiber is obtained in situ
from the polymer precursor. By comparison, the morphology
of the obtained BN fibers exhibited much more uniformity but
with smaller size. The size observed from the SEM image was
1-2 pm diameter and 200-500 um length.

Fig. 4 shows the FT-IR spectra of the BN fiber. Two strong
characteristic peaks are located at 805.89 and 1384.51 cm ™~ '. The
absorption band at 1384.51 cm ™' is identified with the B-N
stretching vibrations, and the absorption band at 805.89 cm ~
can be attributed to the B-N-B bending vibrations[13,14,17,18].
The broad absorption peak at 3408.62 cm ™' is due to absorbed
water on the sample.

3.2. Reaction mechanism

Fig. 5a shows the thermal analysis of the polymer
precursor from room temperature to 1600 °C in flowing
nitrogen atmosphere. As shown in the DTA curve, two
strong endothermic peaks were detected at 180.5 °C and
340.5 °C and two weak endothermic peaks were discovered
at 540.5 °C and 750.5 °C. Combined with the TG-DTA
curves of H3BO; and C;HgNg in nitrogen atmosphere
(Fig. 5b and c), the endothermic peak at 180.5 °C was
caused by loss of the chemically adsorbed water of the
precursor and part conversion reaction of H;BOj3 to
HBO,. At 340.5 °C, HBO, completely lost all the structure
water to produce B,O;. In addition, C3H¢Ng was decom-
posed partly. At higher temperature, the reaction to
produce BN occurred with the loss of the element C, H
and O, which caused the weight loss at higher temperature
as shown in the TG curve (Fig. 5a). From 1000 °C, there
was no mass change in the TG curve, indicating that the
BN fibers may be produced from this temperature.

The maximum percentage of BN fibers can be calculated
by Eq. (1) and the value was found to be 24.0%. As shown
in Fig. 5, the experimental percentage of BN fibers was
about 19.5%. Thus the productivity of BN fiber using this
method was 81.3%, which is higher compared with the
reported results using preceramic polymer method [18].

According to the above experimental results, the following
reaction mechanism was proposed to explain the formation

process of BN fibers using the precursor method. As shown in
Fig. 6, H3BO; reacted with C3HgNg to form the polymer
precursor with the uniform morphology of fiber. The elements
C, H and O were produced into gaseous compounds such as
CO, NHj;, etc. at elevated temperature. These gaseous pro-
ducts were carried away by the flowing nitrogen atmosphere,
leaving the elements of B and N to react, forming BN in situ
with smaller size.

4. Conclusions

BN fiber was successfully fabricated by the polymeric
precursor method using H3;BO3 and CsHgNg as raw materials.
This method is a simple process with low cost and high
productivity. Therefore it is a promising method in practice.
The morphology of the polymer precursor was fiber-like with
diameters of 2-5 um and lengths of 20-500 um. The obtained
BN fibers were produced from the polymer precursor in situ
with 1-2 pm diameter and 200-500 pm length.
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