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This article firstly reports the successful synthesis of wollas-
tonite single crystal nanowires by hydrothermal route. We ob-
tained xonotlite nanowires on hydrothermal condition at a lower
temperature (180 °C) using cationic surfactant as template. The
nanowires have high aspect ratios more than 100 with diameters
of 50-100nm. After calcination at 800°C for 2h, xonotlite
nanowires transformed to wollastonite and the fibrous structure
was preserved. They were characterized by powder X-ray
diffractometry (XRD), transmission electron microscopy
(TEM). The mechanism of wollastonite nanowires formation
was also discussed.

Because of their promise as advanced materials and in ad-
vanced technologies, one-dimensional nanoscale building
blocks, such as nanotubes, nanowires, and nanorods with uni-
form sizes and aspect ratios, have been intensively explored.
The preparation of nanowires from cheap and commonly avail-
able materials is of interest as such nanowires might find appli-
cations in fabricating nanodevices and in nanoscale electronic
transportation, and could be used as an additive of nanostruc-
tured materials to improve material properties on the basis of
their structures and properties.

Wollastonite, a raw material mainly used for traditional ce-
ramics,! is also a candidate material for high-frequency insulator
owning to its low dielectric loss at high frequency.? Recently,
wollastonite (5-CaSiO3) ceramics have been studied as bioac-
tive materials for orthopaedic applications because of its good
bioactivity and biocompatibility.>> In addition, wollastonite
powders have been used as polymer filler for preparation of com-
posite and the results showed that the incorporation of wollas-
tonite could improve the mechanical properties® and bioactivi-
ties of the composites.” The processing of granular powders
and its bulk materials have been studied,®® but related nanowires
have not been reported so far.

In previous study, some researchers had synthesized xonot-
lite microfibers from suspension of silica and Ca(OH); by hydro-
thermal method, and high reaction temperature (250-350°C)
was needed in their experiments.'®!! It is well known that
xonotlite transforms to wollastonite by heating.!> In our study,
we successfully synthesized xonotlite nanowires using tetraethyl
orthosilicate (TEOS) as Si source, newly synthesized Ca(OH);
as Ca supplier which is highly reactive, and cationic surfactant
as the template by hydrothermal treatment at a lower tempera-
ture (180 °C). After calcination at 800 °C for 2 h, the xonotlite
nanowires were thoroughly transformed to wollastonite nano-
wires.

The procedure employed for the synthesis of wollastonite
nanowires is as follows. 0.3 g of cetyltrimethylammonium bro-
mide (CTAB) was dissolved in 60-mL of distilled water and

4 mL of TEOS was added, the solution was stirred for 5 min us-
ing a magnetic stirrer and then dispersed by ultrasonic until
TEOS/water emulsion formed. 3.68 g of Ca(NO3),:4H,0 and
1.24 g of NaOH were dissolved in 20 mL of distilled water, re-
spectively. NaOH solution was then dropped into Ca(NO3), so-
lution to obtain Ca(OH), suspension. The Ca(OH), suspension
was homogenously mixed with the TEOS/water emulsion.
The pH of the final suspension is 11.8 and the Ca/Si ratio is
1.0. The suspension was transferred into stainless steel auto-
claves, heated at 180 °C for 30 h, followed by cooling to room
temperature on standing. After the hydrothermal reaction, the
obtained suspension was filtrated and washed with distilled wa-
ter and anhydrous ethanol for three times, respectively. The re-
sultant powders were dried at 60 °C for 72h. For preparation
of wollastonite nanowires, the powders were then calcined at
800°C for 2h in a muffle furnace.

The powders before and after calcination were characterized
by X-ray diffraction (XRD) with a Japan Rigaku D/max 2550V
X-ray diffractometer with monochromated CuKa radiation
(1 = 0.154178 nm). A scan rate of 0.02s~' was applied to re-
cord the patterns in the 26 range of 20-60°. The morphology
and sizes of the powders before and after calcination were
characterized by transmission electron microscopy (TEM) on a
JEM2010.

1200

o .

I a: xonotlite
= b: wollastonite
£ 9001
£
2 600+
&

[P o
= 300, &
- & - 9
B8 g g8l g .
20 30 40 50 60
26/degree

Figure 1. XRD pattern of the (a) xonotlite and (b) wollastonite
nanowires.

Figure 1a showed the XRD patterns of the powders before
calcination. They were identified as xonotlite (Figure 1a, JCPDS
card: No. 23-0125). It could be seen that there were numerous
sharp peaks and low background in the XRD pattern of the xo-
notlite nanowires. The TEM image (Figure 2a) indicated that
the xonotlite nanowires had a smooth surface and a fiber-like
shape, 50-100 nm in diameter and 10-15 um in length.

TEOS is highly reactive, it could quickly hydrolyze under
catalysis of OH™:
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Figure 2. TEM images of the (a) xonotlite and (b) wollastonite
nanowires with SAD pattern.

(CyH5)4S104 4+ 4H,0 — 4C,HsOH + HySi0y4
H4SiO4 + 20H™ — SiO32~ + 3H,0

The newly synthesized Ca(OH), is also highly reactive, it af-
fords the Ca* for the synthesis of xonotlite. The high reactivity
of the raw materials afford the possibility of the reaction under
relatively lower temperature by lowing the activation energy.

As for the effect of CTAB, one is the emulsification in
TEOS/water system which facilitates the homogenously mixing
of the raw materials. In addition, CTAB can inhibit the excess
aggregation of nanowires through its adsorption on the surface
of the nanowires. But the most important is, similar to other sur-
factant, that CTAB was thought to be able to act as a template.'?
CTAB is a cationic surfactant and its critical micelle concentra-
tion (cmc) is 0.03% (0.9-1.0mM).'* Above the cmc, transition
from spherical micelles to rod-like micelles occurred, and the
size of micelles increased with the increase of CTAB concentra-
tion, eventually resulting in long, flexible wormlike micelles.'?
In our system, with CTAB concentration of 0.3%, CTAB could
easily form rod-like micelles.

According to the studies by Yao and Xiong, the forma-
tion of xonotlite might be explained as the following: firstly, the
CTAB formed rod-like micelles in which TEOS oil phase was
enwrapped. Because of the concentration difference between
the inside (TOES oil phase) and outside (water phase) of the
rod-like micelles, the SiO32~ transferred to the surface of the
micelles and CTAB-SiO32~ rod-like micelles formed. In the
presence of Ca’*, calcium silicate hydrate clusters were prefer-
entially condensed on the rod-like micellar surface. The micelles
act as nucleating sites for the growth of xonotlite crystals.
During the hydrothermal stage, CTAB—xonotlite complexes
formed and coalesced to form a stable three-dimensional fibrous
structure.

After calcination at 800 °C for 2 h, the phase of the powders
transformed from xonotlite to wollastonite, which was identified
by XRD (Figure 1b, JCPDS card: No. 43-1460). It can be seen
that the sharp peaks with minor diffuse background represented
crystalline wollastonite. Meanwhile, the XRD pattern of the
sample did not reveal any other phase than wollastonite. From
the TEM image (Figure 2b) of the calcined powders, it can be
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seen that the original shapes and sizes of xonotlite nanowires
were still preserved, which could be attributed to the similar
crystal structure between xonotlite and wollastonite. The inset
indicates its electron diffraction pattern (SAD), which demon-
strates that the wollastonite nanowires were composed of single
crystal.

Wollastonite single crystal nanowires have been successful-
ly synthesized by hydrothermal route. After the hydrothermal re-
action, xonotlite nanowires were firstly obtained. After calcina-
tion at 800 °C for 2 h, the xonotlite nanowires were thoroughly
transformed to wollastonite, preserving the fibrous structure.
The resultant wollastonite nanowires had a diameter of 50—
100 nm, and a length of up to 10-15 um. This is the first report
about the synthesis of wollastonite nanowires. The obtained wol-
lastonite nanowires could be used in fabrication of high strength
calcium silicate bioceramics or bioactive nanocomposite with
improved mechanical properties.
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