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MgO nanofibres via an electrospinning technique
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Thin PVA/magnesium acetate composite fibres were prepared by using sol-gel processing and
electrospinning technique. After calcinations of the above precursor fibres, MgO nanofibres
with a diameter of 50-150 nm could be successfully obtained. The fibres were characterized by
SEM, FT-IR, XRD, respectively. The results showed that the crystalline phase and morphology of
MgO fibres were largely influenced by the calcination temperature.

© 2006 Springer Science + Business Media, Inc.

1. Introduction

One-dimensional (1D) nanostructures of metal oxides
have been recently become the subject of extensive re-
search due to their potential application of functional
components for the fabrication of nanoscale electronic,
optical, optoelectronic, electromechanical, and sensing
devices [1, 2]. In order to obtain these materials, var-
ious preparation methods have been developed includ-
ing arc discharge [3], laser ablation [4], template [5, 6],
precursor thermal decomposition [7], and other methods
[8-10]. Recently, we found a new method to produce
inorganic nanofibres by using electronspun fibres of poly-
mer/inorganic composite as the precursor [11, 12]. This
processing involved the following steps: (1) Preparation
of a sol with suitable inorganic precursor and polymer
content, and achieving the right rheology for electron-
spinning. (2) Spinning of the solution to obtain fibres
of polymer/inorganic composite. (3) Calcinations of the
composite fibres to obtain final oxide fibres. It is impor-
tant, however, to control all of the above three stages in
order to obtain high quality fibres with the desired final
properties. On the other hand, magnesium oxide (MgO)
has been developed as an intensifier used in supercon-
ductive and spaceflight composite materials, since these
materials show some superior properties such as high
melting point, low density and high modulus of rupture
[13-15]. Several studies have been previously reported
on the preparation of nanostructures and MgO, such as
MgO nanowires [16], MgO nanorods [17], MgO fish-
bone fractal nanostructures [18], MgO nanobelts [19].
In this paper, we report a novel and simple approach
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to large-scale fabrication of MgO nanofibres by calcina-
tion of the electrospun fibres of PVA/magnesium acetate
composite.

2. Experimental

2.1. Materials

PVA (Mn 80000) was supplied by Shanxi Chem-
ical Co., Ltd. Analytical-grade magnesium acetate
(Mg(CH3CO0O0),-4H,0) was obtained from Aldrich. Dis-
tilled water was used as a solvent.

2.2. Preparation of PVA/magnesium acetate
composite gels
Aqueous PVA solution (about 10 wt%) was first prepared
by dissolving PVA powder in distilled water and heating
at 80°C with stirring for 2 h, then cooling to room tem-
perature and stirring for 12 h. 20.0 g of prepared aqueous
PVA solution (10 wt%) was added slowly into the solution
of magnesium acetate (1.5 g Mg(CH3COQ),-4H,0 and
2.0 g H,0), and the reaction proceeded in a water bath at
50°C for 5 h. A viscous gel of PVA/magnesium acetate
composite was obtained.

2.3. Preparation of nanofibers

The viscous solution of PVA/magnesium acetate com-
posites was taken in a plastic capillary. A copper pin
connected to a high-voltage generator was placed in the
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Figure I IR spectra of (a) PVA/magnesium acetate composite fibres; (b) fibres after calcinations at 800°C.

solution, and the capillary was placed at an angle of around
20° to horizontal in order to get uniform flow of the solu-
tion. A grounded iron drum, covered with an aluminium
foil, served as the counter electrode. A voltage of 18 kV
was applied to the solution and a dense web of fibers was
collected on the aluminium foil. The fibers thus formed
were dried initially 129 h at 70°C under vacuum, and
then calcined at 400-800°C at a rate of 240°C h~! and
remained 10 h at the required temperature.

2.4. Characterization
For SEM investigation, a JSM-6700 F was used. XRD
patterns of the samples were recorded by a Siemens

D5005 Diffractometer, scans were made from 4° to
70° (20) at the speed of 2° min~!, Ni-filtered CuKa was
used. IR spectra were obtained on Magna 560 FT-IR spec-

trometer with a resolution of 1 cm~!.

3. Results and discussion

3.1. IR spectra

Fig. 1 gave the IR results of as-synthesized composite as
well as calcined (at 800°C) fibres. As one could see that all
the organic molecules could be removed completely from
PVA/magnesium acetate composite fibres after calcina-
tion at 800°C, and a new peak around 525 cm™! assigned
to vpg—o of MgO [20] appeared after calcination at 800°C,
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Figure 2 XRD patterns of (a) PVA/magnesium acetate composite fibres; (b) fibres after calcinations at 800°C.
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Figure 3 Scanning electron microscopy images of (a) PVA/magnesium acetate composite fibres; (b) and (c) fibres after calcinations at 800°C.

indicating that the fibres obtained at this temperature were
pure inorganic MgO species.

3.2. X-ray diffraction

Fig. 2 gave the XRD curves as-synthesized compos-
ite as well as calcined (at 800°C) fibres. In Fig. 2a, it
was observed that a broad peak around 26 = 20° cor-
responding to the (101) plane of semi-crystalline PVA
[21] in PVA/magnesium acetate composite fibres ap-
peared. This result indicated an amorphous property of
the PVA/magnesium acetate composite fibres, suggesting
that there might be some interaction between magnesium
acetate and PVA in the composite fibres. Notably, after
the PVA/magnesium acetate composite fibres were cal-
cined at 800°C (Fig. 2b, crystalline peak of PVA disap-
peared, and three reflection peaks corresponding to the
pure MgO crystalline [19, 22] appeared at 20 = 36.8°
(111), 42.8° (200), 62.2° (220), respectively. The results
clearly showed that the calcined fibres were pure MgO
nanofibres.

3.3. Scanning electron microscopy (SEM)

The SEM photographs of PVA/magnesium acetate com-
posite fibres and the fibres calcined at 800°C were
showed in Fig. 3. It could be seen that nanofibres of
MgO, with rough surface and diameters of 50—150 nm,
were obtained after calcining the PVA/magnesium ac-
etate composite fibres at 800°C. Meanwhile, due to
the removal of PVA molecule and acetate group, the
diameters of the fibres calcined at 800°C Figs. 3b
and ¢ become smaller than that were not calcined
(Fig. 3a).

4. Conclusion

For the first time, nanofibres of MgO, with diameters of
50-200 nm, were prepared by using the electrospun thin
fibres of PVA/magnesium acetate composite as precur-
sor and through calcination treatment. This simple ap-
proach should promise us some actual applications of
one-dimensional MgO.
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