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Boron nitride (BN) and boron carbonitride (BCN) nanostructures with versatile morphology were synthesized at different
temperatures. The morphologies such as smooth microspheres, nanoflake-decorated microspheres, solid nanowires, hollow
nanotubes (bamboo-like nanotubes, quasi-cylindrical nanotubes, and cylindrical nanotubes), and nanosheet-assembled
microwires have been observed. Systematic investigation showed that the reaction temperature was responsible for the versatile
morphologies through influencing the guiding effect of catalyst alloy droplet and the diffusion rates of growth species. The
diffusion rate differences between surface diffusion (along the surface of the droplet) and bulk diffusion (through the bulk of the
droplet) at different reaction temperatures were suggested to affect the final structure of the BN and BCN nanostructures.

1. Introduction

Boron nitride nanotubes (BNNTs) are structural analogues
of carbon nanotubes (CNTs), alternating B and N atoms
entirely substitute for C atoms in a graphitic-like sheet with
almost no change in atomic spacing. BNNTs are considered
to be a desirable candidate for potential applications in
nanoelectronics [1], biomedical materials [2, 3], catalyst
[4], and new composites [5, 6] because of their excellent
resistance to oxidation (up to 900°C) [7], high chemical
stability [8], high Young’s modulus [9], and high thermal
stability [10] and even the ability to suppress thermal neu-
tron radiation [11]. In addition, BNNTs have a uniform
wide bandgap of ~5.5 eV which is independent of tube chi-
rality [12], while CNTs may be a metal or a narrow bandgap
semiconductor, depending on the chirality and diameter.
Ternary boron carbonitride nanotubes (BCNNTs), however,
have tunable bandgaps determined merely by their chemical
composition rather than geometrical structure, which is
superior to the CNT and BNNT counterparts [13–15]. This

gives BCNNTs potential applications in the fields of electri-
cal conductors, electronic devices, photoluminescent mate-
rials, and catalysts [15–17].

It is well known that applications of BN and BCN are
related to their purity, size, and morphology. To date, a series
of methods have been successfully developed to prepare BN
and BCN nanostructures such as arc discharge [18, 19],
solid-state reaction [20–22], ball milling–annealing process
[23, 24], chemical vapor deposition (CVD) method [25–29],
and other methods. However, the morphologies of the syn-
thesized BN and BCN nanostructures were versatile and
could not be controlled currently. Thus, it is of great impor-
tance to investigate the dominant factors that affect the
formation of BN and BCN nanostructures with versatile
morphology. In fact, it has been noted that reaction temper-
ature dramatically affected the formation and morphology
of BN or BCN nanostructures [30–33]. In this work, the
morphology evolutions of BN and BCN nanostructures
and their relationship with reaction temperature have been
studied systematically.
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2. The Morphological Evolution of BN and
BCN Nanostructures

Hollow BN microspheres were usually synthesized in our
group by heating a paste-like mixture of amorphous B and
Fe (NO3)3·9H2O under flowing ammonia atmosphere at ele-
vated temperatures [33]. The decomposition of Fe (NO3)3
produced Fe2O3, which reacted with B to generate B2O2
vapor and Fe catalyst, and further reaction between B2O2
and NH3 assisted by the catalyst resulted in the formation
of BN products (Figure 1). It can be seen that smooth
BN microspheres were prepared at a lower temperature of
1100°C (Figure 1(a)), while rough BN microspheres deco-
rated with thin nanoflakes on their surfaces were obtained
at 1200°C and 1300°C (Figures 1(b) and 1(c)). The inset
transmission electron microscopy (TEM) image revealed
the hollow nature of the microspheres. High-resolution
TEM (HRTEM) characterization and energy-dispersive
X-ray spectrometer (EDX) result demonstrated the BN
composition of both the microspheres and nanoflakes.
The diameters of microspheres and the thicknesses of
nanoflakes were 0.8–3μm and 2–7nm, respectively. The
vapor-liquid-solid (VLS) mechanism was responsible for
the formation of the BN microspheres. The VLS model
was firstly put forward by Warner in the synthesis of sili-
con fibre and can be described as two parts [34]. First,
the reaction raw material is vaporized into atomic vapor
(B2O2) at a high temperature and collides with gas mole-
cules (NH3), rapidly cooling into a supercooled gas and
forming a low-combination catalyst droplet in a lower tem-
perature region. An interface between the gas phase and
the substrate is formed, where the reaction molecules in
the gas phase are continuously adsorbed. After reaching
supersaturation, crystal nuclei are deposited, and with fur-
ther absorption of B and N species, smooth BN hollow
microspheres are finally formed. The main involved reac-
tions as follows were proposed, and thermodynamics calcu-
lation revealed the feasibility (equations 1-3).

2Fe OH 3 s → Fe2O3 s + 3H2O g
 ΔG1100‐1300°C = −434 1~ − 503 5 kJ

1

6B s + 2Fe2O3 s → 3B2O2 g + 4Fe l
 ΔG1100‐1300°C = −540 8~ − 652 5 kJ

2

B2O2 g + 2NH3 g → 2BN s + 2H2O g + H2 g
 ΔG1100‐1300°C = −322 3~ − 307 4 kJ

3

Bae et al. [35] also found that reaction temperature had
a great influence on the morphology of one-dimensional
(1D) BN nanostructures when heating the precursors of
ball-milled boron and FeCl2·4H2O. Exclusively, bamboo-like
BN nanotubes with thick compartments were formed when
the temperature was 1050°C, while cylindrical BN nanotubes
with thin even no compartments were synthesized when the
temperature increased to 1200°C, as have been illustrated in
Figure 2.

A similar phenomenon was also observed in our group
when a novel chemical vapor deposition method was
employed to synthesize 1D BN nanostructures directly
on stainless-steel foils [25, 36]. In this method, boron
and zinc oxide (ZnO) powders were annealed under a
nitrogen-containing atmosphere (e.g., N2 together with
H2). The medium product B2O2 vapor was generated by
the reaction between B and ZnO, which then reacted
with N2 and H2 and produced BN. The stainless-steel
foils not only served as the substrate but also provided
Fe-containing catalyst due to their partial melting at exper-
imental temperatures. It was found that solid BN nano-
wires were formed at 1100°C (Figure 3(a)) [36], and
hollow bamboo-like BN nanotubes were fabricated when
the reaction temperature increased to 1200°C (Figure 3(b))
[25]. Interestingly, a combined BN nanostructure com-
posed of hollow bamboo-like nanotube and solid nanowire
was also found (Figure 3(c)). The thermodynamics calcula-
tion indicates that the following reactions could occur
(equations 4-6):

2B s + 2ZnO s → 2Zn g + B2O2 g
 ΔG1050‐1200°C = −92 4~ − 156 6 kJ

4

B2O2 g + N2 g + 2H2 g → 2BN s + 2H2O g
 ΔG1050‐1200°C = −127 2~ − 80 7 kJ

5

2B s + 2ZnO s + N2 g + 2H2 g → 2BN s + 2H2O g + 2Zn g
 ΔG1050‐1200°C = −219 6~ − 237 3 kJ

6

Temperature effect on the morphology of 1D BN nano-
structures was further confirmed by us when a coprecipita-
tion and annealing route was employed to synthesize BN
nanotubes using raw materials of amorphous boron, iron
nitrate nonahydrate (Fe (NO3)3·9H2O), and urea (CO
(NH2)2) [37]. The hydroxyl groups generated from the excess
hydrolysis of urea restrained the reaction between H2O and
Fe (OH)3 (that was produced by the reaction of urea with
Fe (NO3)3), lowering the loss of Fe catalyst during the process
of washing.

Only BN particles could be obtained when the annealing
temperature was 1100°C (Figure 4(a)), but both bamboo-like
and quasi-cylindrical BN nanotubes were prepared at
1200°C (Figure 4(b)). When the annealing temperature fur-
ther increased to 1300°C, however, a micro-nano composite
structure (we called it nanoflake-decorated nanotube) was
fabricated (Figure 4(c)). TEM characterization clearly
showed that bamboo-like and quasi-cylindrical BN nano-
tubes were prepared at 1200°C (Figures 4(d)-4(f)) and
nanoflake-decorated BN nanotubes formed at 1300°C
(Figure 4(g)). HRTEM characterization (Figure 4(h)) further
confirmed the BN composition and crystalline nature of the
nanotubes and nanoflakes. We believed that the very fast
nitridation reaction of boron at a higher temperature (e.g.,
1300°C) could generate excess BN species, which deposited
on the surface of the already grown bamboo-like nanotubes
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in the form of nanoflakes [37, 38]. The main reactions were
suggested (equations 7-12).

3CO NH2 2 s + 9H2O l + 2Fe NO3 3 s
→ 6NH4NO3 l + 3CO2 g + 2Fe OH 3 s

7

Fe OH 3 s + 6H2O l → Fe H2O 6
3+ l + 3OH– l

8

2Fe OH 3 s → Fe2O3 s + 3H2O g
 ΔG1100‐1300°C = −434 1~ − 503 5 kJ

9

Fe2O3 s + 4B s → 2FeB s + B2O3 s
 ΔG1100‐1300°C = −612 1~ − 617 4 kJ

10

2FeB s + 2NH3 g → 2BN s + 2Fe s + 3H2 g
 ΔG1100‐1300°C = −330 6~ − 345 2 kJ

11

1 �휇m

(a)

1 �휇m

(b)

1 �휇m

(c)

Figure 1: SEM images of BN microspheres synthesized at different temperatures. (a) Smooth microspheres fabricated at 1100°C.
Nanoflake-decorated microspheres obtained at (b) 1200°C and (c) 1300°C. The inset TEM image showed the hollow nature of a
microsphere [33].

(a) (b)

Figure 2: TEM images of BN nanostructures. (a) Bamboo-like nanotubes formed at 1050°C and (b) cylindrical nanotubes grown at 1200°C
[35].
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B2O3 s + 2NH3 g → 2BN s + 3H2O g
 ΔG1100‐1300¨C = −46 0~ − 65 7 kJ

12

To widen the application area of BN nanotubes, it is
of great significance to explore efficient routes for synthe-
sizing BN nanotubes in large quantity and with high
purity. A solid-state reaction method was developed in
our group by annealing amorphous boron and ferric chloride
(FeCl3·6H2O) in flowing ammonia [20], realizing the goal of
high purity and large quantity. In this process, the vital spe-
cies BCl3 vapor was generated through the reaction between
B and FeCl2 (derived from the reduction of FeCl3 with
NH3), which further reacted with NH3 to produce BN prod-
uct with the assistance of Fe catalyst.

When the temperature was 1150°C, BN particles were
mainly formed (Figure 5(a)). If the temperature increased to
1200°C and 1250°C, high-purity bamboo-like nanotubes and
quasi-cylindrical nanotubes were prepared (Figures 5(b) and
5(c)), respectively. Besides, nanosheet-assembled microwires
could be found in the up-layer of the product (Figure 5(d))
[39]. TEM characterization (the inset) verified that the
microwire has a bamboo-like nanotube core. The enlarged
SEM image clearly showed that the nanosheets are mostly
separated with bending and crumpling morphology and
nearly vertically aligned to the trunk (Figure 5(e)). Mean-
while, the nanosheet-assembled microwires have a distinct

thickening in diameter with increasing temperature
(Figure 5(f)). The following reactions were suggested
(equations 13-16):

6FeCl3 s + 2NH3 g → 6FeCl2 s + 6HCl g + N2 g
 ΔG25‐1200°C = −357 0~ − 937 2 kJ

13

FeCl2 s → FeCl2 l  ΔG1150‐1250°C = −14 8~ − 24 6 kJ
14

FeCl2 l + 2B s → 2BCl3 g + 3Fe l
 ΔG1150‐1250°C = −88 7~ − 97 0 kJ

15

BCl3 g + NH3 g → BN s + 3HCl g
 ΔG1150‐1250°C = −216 0~ − 226 0 kJ

16

Therefore, it can be seen that the morphology of BN
products with increasing temperature could be transformed
from the microsphere (or particle) to the solid nanowire,
bamboo-like nanotube, quasi-cylindrical nanotube, cylindri-
cal nanotube, and finally nanosheet- (nanoflake-) assembled
microwires. Interestingly, a similar morphology evolution
with increasing temperature was also observed in ternary
BCN 1D nanostructures. A solid-state reaction route to the

200 nm

(a) (b)

200 nm

(c)

Figure 3: BN nanostructures synthesized directly on stainless-steel foils at different temperatures. (a) SEM image of solid BN nanowires
prepared at 1100°C and the corresponding TEM image (inset). (b) SEM image of bamboo-like BN nanotubes prepared at 1200°C and the
TEM image (inset). (c) A combined BN nanostructure consisted of solid nanowire and bamboo-like nanotube [25, 36].
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synthesis of BCN nanotubes in large quantity was demon-
strated in our group, by heating ball-milled mixture powders
of amorphous boron and activated charcoal with a small
amount of iron oxide (Fe2O3) under a mixture gas flow of
N2 + H2 [22]. The catalyst of Fe was generated through the
reduction of Fe2O3 with H2. Bamboo-like BCN nanotubes

were mainly formed when the reaction temperature was
1000°C (Figure 6(a)), and both bamboo-like and
quasi-cylindrical BCN nanotubes coexisted when the tem-
perature rose to 1100°C (Figures 6(b)–6(d)), while cylindrical
BCN nanotubes were synthesized if the temperature further
increased to 1200°C (Figure 6(e)).

10 �휇m

(a) (b)

10 �휇m

(c) (d)

(e) (f)

(g) (h)

Figure 4: SEM images of BN product fabricated by heating raw material system of amorphous boron, iron nitrate nonahydrate (Fe
(NO3)3·9H2O) and urea (CO (NH2)2) at different temperatures. (a) Irregular particles at 1100°C. (b) Bamboo-like nanotubes at 1200°C.
(c) Nanoflake-decorated BN nanotubes at 1300°C. (d)-(f) TEM images revealed the coexistence of bamboo-like and quasi-cylindrical
nanotubes. (g) A low magnification TEM image of a nanoflake-decorated nanotube. The inset shows the high magnification TEM image.
(h) A high-resolution TEM image of a part of nanoflake-decorated nanotube [37].
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3. Morphology Evolution Mechanism

Based on the experimental results described above, we pro-
pose the morphology evolution model shown in Figure 7,
and here, BN is discussed as a representative. It was believed
that in the case of VLS growth of 1D nanostructures, one of
the most important roles of catalyst alloy droplets was to pro-
vide critical nucleation sites [40]. The catalyst alloy droplets
(e.g., Fe-Cr-Ni, FeB, and Fe) usually come from the substrate
(e.g., stainless steel foil) or from the precursor of catalyst (e.g.,
Fe2O3, FeCl3, and Fe (NO3)3). Apparently, the state and size
of catalyst particles, which strongly depended on the reaction
temperature, are the preconditions that determine the nucle-
ation behavior and postnucleation growth of the BN nano-
structures. For example, it has been reported that increasing
temperature could result in the coarsening of alloy droplets,
and larger FeB alloy droplets (larger than 200 nm) favored
the formation of BN microspheres, while smaller ones (less

than 100 nm) were conducive to the growth of 1D BN nano-
structures [41, 42]. In addition, the catalyst particle in a liquid
or quasi-liquid state is favorable for the nucleation and
growth of BN crystals via the VLS process. If the reaction
temperature is not high enough, catalyst particles may be still
in a solid state, the VLS mechanism does not work, and the
product often consists of irregular particles.

Figure 7 shows the morphology evolution of BN nano-
structures with increasing reaction temperature. Particu-
larly, (A) to (E) illustrates the BN microspheres originating
from a larger catalyst alloy droplet. Liquid or quasi-liquid
catalyst alloy droplet is generated at high temperature (e.g.,
1100°C) first. Boron-containing vapor (e.g., B2O2) and
nitrogen-containing gas (NH3 or N2) are absorbed and dis-
solved into the droplet, which produces BN species through
their reaction (Figure 7(A)) [33, 43]. When the concentra-
tion of BN species in the droplet is greater than the satura-
tion threshold, BN crystal begins to precipitate and BN

2 �휇m

(a)

2 �휇m

(b)

2 �휇m

(c) (d)

(e) (f)

Figure 5: SEM images of BN products synthesized by heating boron powder and ferric chloride at different temperatures. (a) Particles
obtained at 1150°C. (b) Bamboo-like nanotubes prepared at 1200°C. The inset is a TEM image. (c) Quasi-cylindrical nanotubes at 1250°C.
The inset is a TEM image. (d) Thin nanosheet-assembled microwires prepared at 1200°C. The inset TEM image depicts the assembly of
nanosheets from a bamboo-like nanotube core. (e) An enlarged SEM image, revealing the numerous thin nanosheets clearly. (f) Thick
nanosheet-assembled microwires grown at 1250°C [20].
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shell is formed around the outline of the droplet
(Figure 7(B)). With the continuous dissolution and reaction
of boron-containing vapor and nitrogen-containing gas, BN
shells will be thickened and lifted. As a result, a core–shell
structure is formed around the droplet due to the lack of
capillary effects (Figure 7(C)) [44]. Meanwhile, strain energy
is generated between the BN shell and catalyst alloy droplet
(core). When the thickness of shell reaches to a critical
value, the exceeded strain energy will push the catalyst drop-
let core out via a dewetting process by the driving force of
the Kirkendall effect [44–46]. Consequently, smooth BN
hollow microsphere is formed (Figure 7(D)). When the
reaction temperature increases (e.g., 1200°C and 1300°C),
excess BN species (in addition to the consumption for the
formation of BN microsphere) will be generated because of
the fast reaction among the raw materials, which causes
the direct deposition of these surplus BN species on the shell
via a vapor-solid (VS) process which was proposed by Frank
[47] in the growth mechanism research of Sn whiskers based
on dislocation theory. At the crystal growth temperature, the
active gas is adsorbed onto the surface of the spiral disloca-
tion steps located in crystal growth interface, forming a crys-
tal nucleus. When the nucleus reaches the critical value, it

grows along the direction of the dislocated Bergs vector
under the stress of the curvature. Therefore, nanoflakes are
formed on the surface of the already grown microsphere,
and finally, a nanoflake-decorated BN microsphere is
formed (Figure 7(E)). Particularly, the defects on the surface
of the microsphere are also favorable for the deposition of
BN species and the resultant formation of BN nanoflakes.

However, if the catalyst alloy droplets are small enough,
1D BN nanostructures instead of microspheres are usually
obtained. Moreover, the temperature-dependent morpholog-
ical evolution of 1D nanostructures is totally different from
that of the microspheres because of the capillary effect and
guiding effect of the catalyst droplets. At a lower temperature,
boron-containing vapor and nitrogen-containing gas are
absorbed, dissolved, and reacted in the droplet, followed by
the precipitation of BN crystal from the droplet when the
concentration of BN species is greater than the saturation
threshold (Figure 7(F)). With the continuous supply of B
and N source, BN species will diffuse through both the sur-
face and bulk of the droplet, and the catalyst alloy droplet
will be lifted up by BN crystal (Figure 7(G)). When the
temperature rises, both the surface diffusion rate (ʋs) and
the bulk diffusion rate (ʋb) of BN species increase, but ʋs

(a)

Quasi-cylindrical

Bamboo-like

(b)

(c) (d)

(e)

Figure 6: SEM images of the BCN nanotubes prepared at different temperatures. (a) Bamboo-like nanotubes synthesized at 1000°C. (b)
Bamboo-like and quasi-cylindrical nanotubes coexisted at 1100°C. TEM characterization shows the (c) bamboo-like and (d)
quasi-cylindrical nanotubes. (e) Cylindrical nanotubes formed at 1200°C [22].
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Figure 7: Morphology evolution of BN nanostructures with increasing reaction temperature.
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Figure 8: Sketch growth model of BN one-dimensional nanostructure. (A) BN pathways feeding BN growth via (i) impingement of BN
flux into the BN surface and surface diffusion over crystal to the BN edge and (ii) direct impingement of B/N into the catalyst alloy
droplet and bulk diffusion through the droplet to the BN edge. (B-D) Growth process varied with increasing temperature. (ʋs: surface
diffusion rate, ʋb: bulk diffusion rate).
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increases faster than ʋb. And the difference between ʋs and
ʋb will be more and more significant with the further
increase of temperature, which causes the morphological
evolution of 1D nanostructure from solid nanowire
(Figure 7(H)) to bamboo-like nanotube (Figure 7(I)),
quasi-cylindrical nanotube (Figure 7(J)), and finally cylin-
drical nanotube (Figure 7(K)).

Figure 8 depicts the temperature effect on the diffusion
rate of BN species and the resultant morphology evolution
of BN 1D nanostructure. Usually, the growth of 1D BN nano-
structure is determined simultaneously by (i) impingement
of BN flux into the BN crystal surface and the surface diffu-
sion over crystal to the BN edge and (ii) direct impingement
of BN flux into the catalyst alloy droplet and the bulk diffu-
sion through the droplet to the BN edge (Figure 8(A))[48].
At a given impingement flux of BN, the diffusion rate is the
key factor that affects the morphology of BN crystal [49,
50]. At a lower temperature, the difference between ʋs and
ʋb is small, and thereby BN crystal will grow homogeneously
which leads to the formation of solid BN nanowire
(Figure 8(B)). As reaction temperature rises, ʋs increases fas-
ter than ʋb [51], causing a rapid longitudinal growth of the
BN cap from the droplet. In this circumstance, tensional
force is produced at the interface between the BN cap and
the droplet. The droplet is finally lifted up by the stress under
the curvature, thus hollow BN cap is formed [44, 52–54]. The
continuous diffusion of BN species along the droplet surface
makes BN multisheets grow layer by layer along the (002)
plane and nanotube wall will form [21, 48, 55, 56]. When
the nanotube wall grows, BN species also precipitate inside
the droplet via bulk diffusion, resulting in the formation of
BN compartment layer. The compartment layer will connect
with the wall and grow together for a while, and eventually
depart from the droplet due to the stress accumulated under
the curved compartment layers. As the joint of the compart-
ment and the wall occurs in cycles, the bamboo-like nano-
tube is finally formed (Figure 8(C)) [25, 28]. However, the
diffusion rate difference between ʋs and ʋb becomes more
and more significant when the temperature further rises
[51], which will favor the formation of nanotube walls rather
than the compartment layers [35, 57]. Therefore, a
quasi-cylindrical nanotube with thin compartments will be
formed (Figure 8(D)). And if the temperature is high enough,
ʋs is far larger than ʋb, causing the formation of the cylindri-
cal nanotube. Moreover, the crystalline perfection of the
nanotube also improves with increasing temperature, and
the thin compartment layers will bear stronger and stronger
stress. According to the principle of minimum free energy,
cylindrical nanotube without compartment layers prefers to
be formed [21, 35, 37].

In addition, it was reported that bamboo-like BN nano-
tubes had rough surfaces, and there were many defects exist-
ing on the surfaces, which could serve as new nucleation sites
for the further growth of BN crystal [33, 39, 58, 59]. Excess
BN species resulted from the fast nitridation of boron at high
temperature would directly deposit on these nucleation sites.
Moreover, BN species are reported to have sufficiently high
mobility. Thus, BN species quickly diffuse on the surface
and deposit on the defects, forming the primary nanosheets.

The incoming BN species continuously land on the surface of
the growing nanosheets and rapidly move along the surface
toward the edge of the nanosheets and covalently bond to
the edge atoms before being reevaporated, while those BN
species diffusing toward the nanotube instead of the growing
edges can be reevaporated due to the weak van der Waals
forces attaching them to the nanotubes. So, the nanosheets
tend to grow higher rather than thicker. With the accumula-
tion of sustaining BN species, the nanosheets keep growing
radially while the bottom part becomes compact on account
of the branching and thickening of the nanosheets. In this
process, VS mechanism governs the formation of BN nano-
sheets. Therefore, a nanosheet-assembled microwire is
obtained (Figures 7(L) and 7(M)). It should be noted here
that when raw materials of boron powder and ferric chloride
were employed to synthesize BN nanostructures (as is dis-
cussed and shown in Figure 5), BN bamboo-like nanotubes
and BN nanosheet-assembled microwires are formed in the
lower and upper layer of the product, respectively. It is
believed that BN species generated by the reaction between
NH3 and BCl3 vapor have different concentrations in differ-
ent layers of the powder bed [38]. The concentration of BN
species in the upper layer is higher than that of BN spe-
cies in the lower layer because of the blocking effect of
the powder bed, which results in the formation of
nanosheet-assembled microwires in the upper layer and
bamboo-like nanotubes in the lower layer, respectively.

4. Conclusions

In summary, reaction temperature plays a dominant role in
the morphological and structural evolution of the BN and
BCN nanostructures. When the reaction temperature is
lower, liquid or quasi-liquid catalyst droplets are hardly
formed and irregular particle product is usually obtained.
When the temperature increases, liquid or quasi-liquid cat-
alyst droplets are formed which exhibits the guiding effect
and capillary effect on the growth of products. Larger liquid
droplets usually lead to the formation of microspheres,
while smaller liquid droplets favor the generation of 1D
nanostructures. In this case, the surface diffusion rate (ʋs)
of growth species gradually exceeds the bulk diffusion rate
(ʋb) with increasing temperature, which leads to the mor-
phological evolution of 1D nanostructures from solid nano-
wire to bamboo-like nanotube, quasi-cylindrical nanotube,
and finally cylindrical nanotube. The improvement of crys-
talline perfection of the nanotubes with increasing tempera-
ture also favors the final formation of cylindrical nanotubes
without compartment layers inside the nanotubes. The
defects, usually existing on the rough surface of BN micro-
spheres and bamboo-like nanotubes, could serve as new
nucleation sites for the excess BN species, resulting in the
formation of BN nanoflake-decorated microspheres or
nanosheet-assembled microwires.
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