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Bulk Quantity BCN Microspheres Fabricated by Electrospray from Easily
Prepared Precursor
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Abstract: An easily prepared precursor from polymerization of trichloroborazine (B;N;H;Cl;) and aniline was
selected as the starting material and N-methyl pyrrolidone (NMP) was used as the solvent to synthesize hexagonal
BCN microspheres in bulk quantity via an improved electrospray method. This approach can control the diameter
of the as-prepared spheres by manipulating the voltage of the electrospray apparatus. The product was
characterized by scanning electron microscopy, energy dispersive spectroscopy, X-ray diffraction and X-ray
photoelectron spectrometry. The results show that the fabricated BCN microspheres have smooth and concave

surface characters with diameter ranging from 10 to 30 wm. The B:C:N atomic ratio is about 1:1.12:0.94.
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0 Introduction because BCN compounds have higher thermal and

chemical stabilities, and ideal mechanical properties

Recently, a great variety of ternary compounds than those of carbon architectures '*. Analogues to
with different physicochemical properties have attracted graphite, BCN materials have a two-dimensional
considerable attention because of their unique network of sp*hybridesed structure *%. These BCN
structural characters. Among them, BCN architectures structures have the potential for application as
have recently been attracted great deal attention photoluminescent materials, emitters for flat panel
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and high

temperature lubricants'®”. There are some reports about

displays, high temperature transistors,
B.C,)N, spheres and nanotubes of different chemical
compositions ¥, Commonly, BCN nanotubes are
prepared by nitridation of boric oxide in the presence of
carbon nanotubes, CuO, and Au,0;™. The products
demonstrate different morphologies, and also usually
contain oxide or catalysts impurities, thus it is difficult
to obtain high-purity BCN structures with good
crystallinity. Several groups have achieved BCN
through  different

architectures routes, such as

thermolysis of inorganic and polymeric precursors "2,

R Laser ablation ™ and arc-assisted

Ball-milling
methods have been used for synthesis of BCN structures
with solid state B, C and N sources.

However, to the best of our knowledge there have
been only a few reports on the preparation of high purity
BCN microspheres in bulk quantities. Therefore, the
selection of a suitable fabrication method and starting
materials for the synthesis of high- purity BCN
microspheres is important. In this respect, an easily
prepared  precursor  from  polymerization  of
trichloroborazine (B;N;H;Cls) and aniline was selected
as the starting material and N-methyl pyrrolidone was
BCN green

microspheres via an improved electrospray approach.

used as the solvent to fabricate
This approach can control the diameter of the as-
prepared spheres by manipulating the voltage of the

electrospray apparatus.
1 Experimental

A 250 ml single-necked flask equipped with a
magnetic stirrer was loaded with 10 ¢ (542 mmol) of
trichloroborazine  (BsN;H;Cl;)!" dissolved in 30wt% of
toluene. Then, 6.25 mL  (68.5 mmol) of dried aniline
was loaded into the mixture at room temperature under
vigorous stirring for 2 h. After that, the solution was
heated to 65 °C with stirring to remove residual toluene,
giving the original product. The polymerization was
continued in a nitrogen atmosphere at 120 °C for 20 h.
Then, the as-polymerized precursor was dissolved in
40wt% of N-methyl pyrrolidone to form the starting

materials for electrospray.
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Fig.1 Schematic diagram of improved electrospray

»

approach to spin green BCN microspheres

Fig.1 illustrates the schematic setup for the
electrospray of the BCN green microspheres. A high
voltage of 9 kV is applied using a high voltage supply
(DW-N503-4ACCD of Tianjin Dongwen High Voltage
Research Inc). The distance between the source and the
collector was 8 cm.

The green microspheres were slowly heated to
1 550 °C at a heating rate of 1 °C+min™" and maintained
at this temperature for 1 h in nitrogen atmosphere. In
the end, the as-formed gray product was collected
without any further purification. The surface chemical
compositions of the product and precursor were
examined using X-ray photoelectron spectrometer (XPS,
Physical Electronics PHI 5700 with Mg exciting
source). The morphology and elemental constituents of
the as-prepared products were observed using field
microscopy  (SEM,
MX2600FE) and energy dispersive spectroscopy (EDS).
The structures of the product were characterized by X-
ray diffraction (XRD, Rigaku D/Max 2000 VPC with Cu
Ka radiation, A =0.1541 8 nm). Scan speed (26): 4° -
min™, step size: 0.03°(26), 30 kV, 60 mA).

emission  scanning  electron

2 Results and discussion

The XPS spectrum of full range scanning (Fig.2a)
indicates the existence of boron, carbon, nitride,
chlorine and oxygen (owing to the absorbed H,0) in the
precursor. Fig.2b shows the XPS spectrum of full range
scanning of the products annealed at 1 550 °C. Tt shows
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Fig2 XPS spectra of (a) the precursor and (b) the
as-prepared products

that only boron, carbon and nitride are examined after
the green sample anneals at 1 550 °C in a heating rate
of 1 “C+-min™. No chlorine or oxygen peaks are detected
in the XPS spectrum, indicating the absence of oxide
compounds such as B,0; in the products. Fig.2b shows a
sharp peak at 189.4 eV, indicating the presence of B-C
bonding (the binding energy is 188.6 eV) since the
typical bonding energy of B-N (the binding energy is
190.2 €V) is higher than 190 eV. The chemical shift
toward lower energy suggests a considerable
contribution of B-C bonding, since the electronegativity
of C atoms is lower than that of N atoms ! The binding
energy at 285.4 eV and 398.3 eV implies the Cls of
graphitic structure (C-C bonding) and N 1s of hybrid
(B-N and C-N bonding),

structure respectively,

suggesting the hybrid network in chemical compositions
of the product. The B:C:N atomic ratio calculated from
the XPS spectra is about 1:1.12:0.94.

Scanning electron microscopy (SEM) images of the
as-prepared spheres are shown in Fig.3. Fig.3a displays

a  representative  overview of  the

which

composed

precursor

microspheres, shows that the as-prepared

products are of large-scale spherical
morphology. The high-magnification SEM image (inset
of Fig.3a) shows that the spherical structures have burr-
like surface (inset of Fig.3a) and the size of the
microspheres are of 10 ~30 pm in diameter. The
products annealed at 1 550 °C are shown in Fig.3(b~h).
Detailed SEM observations reveal that there exist two
types of spherical morphologies: smooth microspheres
(Fig.3¢c, d) and concave-like 3D microspheres (Fig.3e,
f). Fig.3d shows the morphology of two smooth spheres
with a diameter of about 30 pwm. The high magnification
SEM image (Fig.3g) of the smooth sphere indicates that
the surface of the sphere is composed of uniform
nanodots  (with a diameter of about 100 nm) and
irregular cracked bubbles. Fig.3e shows an individual
concave-like sphere with a diameter of about 20 pm.
The high-magnification SEM images (Fig.3 f, h) exhibit
detailed information about the concave-like sphere,

which is composed of massif-like tapers (with a

50 uf’
< e o

10 pm

Fig.3 SEM images of (a) the as-produced green microspheres and (b~h) annealed products at different magnifications
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diameter of about 800 nm and height about 500 nm)
and irregular pits (with a diameter of 3~5 pm and depth
about 3 um) on the surface of the sphere. All the tapers
and pits are randomly distributed on the spherical
surface leading to the formation of a superstructure. In
addition, a few non-spherical particles with a diameter
of about 25 pwm can be occasionally observed in Fig.3c.
The EDS analysis (Fig.4) shows that the annealed
product at 1 550 °C is composed of the elements of B, C
and N,

microspheres. The EDS result implies that the entire

indicating the purity of as-synthesized

precursor has been converted to BCN structure.
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Fig.4 EDS of the annealed microspheres at 1 550 °C and
the morphology of the microspheres (inset)

The XRD pattern of the product is shown in Fig.5.
The strong and sharp diffraction peaks in Fig.5 indicate
that the as-produced BCN structures are principally
crystalline. All the peaks of the product can be indexed
to a hexagonal structure, similar to the reported BCN
structure. The sharp peak at the diffractive plane of
(002) indicating , indicating the [100] graphitic sheets
is well crystallized. No characteristic peaks of other

impurities, such as B,0; or H;BO;, can be detected from
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Fig.5 XRD patterns of the as-prepared product

the XRD pattern, indicating that the as-prepared
product has high phase purity.

Based on the above experimental observations, a
mechanism of the formation of BCN precursor spheres
can be proposed. As shown in Fig.6, the procedure of
the electrospray of BCN precursor spheres can be
divided into four steps. The first step: the precursor
filled in the syringe receives surface charges and
extrudes from the apex of the syringe at about 90 C
in proper electric field strength. The precursor is
stretched to a needle-like structure due to the
presence of electric field force. The second step: the
needle-like precursor further shrinks to a rod-like
structure because of the coexistence of viscoelastic
property and surface tension of the precursor at lower
temperature. The third step: The precursor forms a
spherical structure owing to the presence of surface
charge and surface tension at the viscoelastic stage.
At this stage burring surface of the precursor spheres
is formed because of higher charge density at the
external surface than internal (this result has been
confirmed by the SEM image of inset in Fig.3a). The
shrink

precursor

fourth step: the spheres to concave-like

morphology when the cools to room

temperature.

Steﬁ 1 Step 2 Steﬁ 3 Steﬁ 4
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Fig.6  Formation mechanism of the precursor

microspheres at the electrospray process

3 Conclusions

BCN

microspheres with two kinds of morphology were

In summary, high pur ity hexagonal

synthesized using an improved electrospray method.
fabricated BCN

microspheres have featureless and concave surface

The results show that the
characters with a diameter ranging from 10 to 30 wm.
Formation mechanism of the precursor microspheres is
proposed according to the observed morphology of the

products. A simple, efficient way to synthesize hexagonal
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BCN microsphers in large quantity was developed in this

work.
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