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Abstract PVA(Polyvinyl alcohol)/chromium nitrate/alu-

minum nitrate composite nanofibers were prepared by

using sol–gel processing and electrospinning technique. By

high temperature calcinating the above precursor fibers,

Cr2O3/Al2O3 composite nanofibers were successfully ob-

tained. The fibers were characterized by XRD, IR, and

SEM, respectively. The results showed that the crystalline

phase and the morphology of the fibers depended on the

calcination temperatures.

Introduction

Materials with nanometer size particles possess unique

chemical and physical characteristic [1, 2]. In particular,

nanocomposite materials, composed of nanometric metal

and metal oxide particles present a variety of interesting

electric, magnetic, and catalytic properties [3–5]. Many

efforts have been made to fabricate such materials,

including Langmuir–Blodgett film [6], deposition methods

[7], synthesis in reversed micelles [8], self-assembled

monolayers [9], ball milling technique [10]. Among them,

the sol–gel method has also been proposed for the prepa-

ration of nanocomposite materials [11, 12]. The process is

affected by several parameters which allow a versatile

control over the structural, textural, and chemical proper-

ties of these materials. Recently, we have found a novel

method for making nanofibers of inorganic composite

nanomaterials by combining sol-gel processing with

electrospinning technique [13, 14]. The small fiber diam-

eters and porous structure of electrospun fibers [15] will

result in a high specific surface area that is beneficial in a

variety of applications. Proposed uses of these electrospun

nanocomposite fibers include electrooptic devices, high

sensitive sensors, high active catalyst [16–18], etc. On the

other hand, as an important multi-component catalyst,

Cr2O3/Al2O3 composites have been extensively investi-

gated due to its activity in dehydrogenation reactions [19,

20], olefin polymerization, dehydrocyclization reactions,

redox reactions [21] and CO-oxidation [22]. In this work,

we present a novel method on the preparation of chromium

oxide/aluminum oxide composite nanofibers, and want to

get a kind of materials that will combine the advantage of

nanocomposite metal oxide and electrospun nanofibers

mats together. And also hope to obtain a kind of Cr2O3/

Al2O3 composite materials with better catalytic activity

and selectivity by virtue of the properties of high surface

area and small pore sizes of electrospun nanofibers.

Experimental

Materials

PVA (Polyvinyl alcohol, Mn 80,000) was supplied by

Shanxi Chemical Co., Ltd. Analytical-grade chromium

nitrate (Cr(NO3)3�9H2O) and aluminum nitrate (Al(-

NO3)3�9H2O) were obtained from Aldrich. Distilled water

was used as a solvent.

Preparation of PVA/Cr(NO3)3/Al(NO3)3 gels

Firstly, 4.0 mL of chromium nitrate solution (20 wt%) was

dropped slowly into 30 mL of PVA solution (7 wt%). After
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stirring for 0.5 h, 4.0 mL of aluminum nitrate solution

(20 wt%) was added to the above PVA/Cr(NO3)3 solution.

Then 6.0 mL of ethanol was added under stirring, and the

reaction proceeded in water bath at 60 �C for 5h. Thus, a

viscous solution of PVA/Cr(NO3)3/Al(NO3)3 composites

for electrospinning was obtained.

Preparation of nanofibers

The viscous solution of PVA/Cr(NO3)3/Al(NO3)3 com-

posites was contained in a plastic capillary. A copper pin

connected to a high-voltage generator was placed in the

solution, and the solution was kept in the capillary by

adjusting the angle between capillary and the fixing bar. A

grounded iron drum, covered with aluminium foil, served

as the counter electrode. A voltage of 8 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

at 80 �C for 12 h under vacuum. At last, the sample was

calcined at 700 �C with a rate of 240 �C h–1 and remained

for 6 h.

Characterization

XRD patterns of the samples were recorded by a Siemens

D5005 Diffractometer, scans were made from 10� to

70�(2h) at the speed of 2� min–1, Ni-filtered CuKa was

used. IR spectra were obtained on Magna 560 FT-IR

spectrometer with a resolution of 1 cm–1. For SEM

investigation, a Hitach-600 was used. BET specific surface

areas was determined on an ASAP 2010M at –196 �C of

liquid nitrogen.

Results and discussion

X-ray diffraction

XRD spectra of the as-prepared sample and calcined (at

700 �C) fibers are compared in Fig. 1. The broad peak

around 2h = 20� in Fig. 1(a), corresponding to the (101)

plane of semi-crystalline of PVA [23], shows that the

crystallinity of PVA is largely influenced by the presence

of chromium nitrate and aluminum nitrate in the PVA/

Cr(NO3)3/Al(NO3)3 composite fibers, indicating there may

be interactions between PVA and inorganic species.

However, after the calcinating at 700 �C in Fig. 1b, the

semi-crystalline peak for PVA disappears, and well-defined

features is observed due to the crystallization of chromium

oxides, which is in agreement with the literature (JCPDS

85-0869). Notably, no significant peaks for aluminium

oxides are found due to its amorphous nature before

900 �C [24].

FT-IR spectra

Figure 2 gives the FT-IR spectra of various fibers samples.

The presence of water in the samples is revealed by the

characteristic bands at about 3430 and 1630 cm–1 in both

Fig. 2a and b. These two bands are respectively identified

as O–H stretching and bending mode of vibration. On the

other hand, characteristic peaks of PVA disappear in

Fig. 2b. They are asymmetric CH2 stretching or aliphatic

C–H stretching at 2933 cm–1, C–H bending or CH2

scissoring at 1465 cm–1, and C–O stretching at 1094 cm–1

[25–27]. Simultaneously, after calcining the sample, new

peaks at 635 cm-1 and 585 cm–1 which assigned to the

metal–oxygen vibrations of mCr–O and at 400 cm–1 which

attributed to mCr–O and mAl–O [28, 29] appear in Fig. 2b.

Associating with XRD results, one can clearly see that all

the organic molecules is removed completely from PVA/

Cr(NO3)3/Al(NO3)3 composite fibers after calcination at

Fig. 1 XRD results for various fibers (a) PVA/Cr(NO3)3/Al(NO3)3

composite fibers; (b) Calcined fibers at 700 �C
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Fig. 2 FT-IR spectra for various fibers: (a) PVA/Cr(NO3)3/Al(NO3)3

composite fibers; (b) Calcined fibers at 700 �C
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700 �C. It indicates that the fibers obtained at this tem-

perature are pure inorganic species, and the formation of

Cr2O3/Al2O3 composite fibers has been confirmed.

Scanning electron microscopy

The SEM photographs of PVA/Cr(NO3)3/Al(NO3)3 com-

posite fibers and the fibers calcined at 700 �C are shown in

Fig. 3. It could be seen that the fibers with smooth surface

and diameters of 50–150 nm are obtained after calcination.

Meanwhile, due to the decomposition of PVA and the re-

moval of NO3 group of chromium nitrate and aluminum

nitrate molecules, the diameters of the fibers calcined at

700 �C (Fig. 3b) become smaller than that of not calcined

(Fig. 3a). And, the fibers calcined at 700 �C are still have

BET surface area of about 103.25 m2/g, which indicates

that the Cr2O3/Al2O3 composite fibers might possess high

catalytic activity due to its high surface area.

Conclusion

For the first time, composite Cr2O3/Al2O3 nanofibers, with

the diameter of 50–100 nm, were fabricated by calcining

the electrospun nanofibers of PVA/Cr(NO3)3/Al(NO3)3

composites. This facile approach might promise us some

possible applications of one-dimensional Cr2O3/Al2O3

composite. By modifying the parameters of sol–gel method

and electrospinning process, one could also expect to

fabricate nanofibers of composite materials with smaller

diameter.

Acknowledgements The present work is supported financially by

the National Natural Science Foundation of China (No. 50572014),

and the Program for New Century Excellent Talents in University

(NCET–05–0322).

References

1. Icchi RE, Silsbe RH (1984) Phys Rev Lett 52:435

2. Ball P, Li G (1992) Nature 355:761

3. Newnham RE, Mckinstry SE, Ikaua H (1990) Mater Res Soc

Symp Proc 175:161

4. Komarmeni S (1992) J Mater Chem 2:1219

5. Gang X, Chien CL (1987) Appl. Phys. Lett. 51:1280

6. Jin J, Li LS, Tian YQ (1998) Thin Solid Films 329:559

7. Christodoulides JA, Hadjipanayis GC (1997) Mater Sci Forum

235–238:651

8. Pileni MP, Lisiecki I (1993) Collioid Surface A 80:63

9. Yee C, Kataby G, Ulman A (1999) Langmuir 15:7111

10. Corrias A, Ennas G, Musiun A, Paschina G, Zedda D (1997) J

Mater Res 12:2767

11. Wang JP, Luo HL (1994) J Appl Phys 75:7425

12. Roy S, Chayyerjee A, Chakravorty D (1993) J Mater Res 8:689

13. Shao C, Kim H, Gong J, Lee D (2002) Nanotechnology 13:635

14. Guan HY, Shao CL, Wen SB, Chen B, Gong J, Yang XH (2003)

Mater Chem Phys 82:1002

15. Madhugiri S, Dalton A, Gutierrez J, Ferraris JP, Balkus KJ (2003)

J Am Chem Soc 125:14531

16. Yang H, Jin W, Wang L (2003) Mater Lett 57:3686

17. Song CF, Lu MK, Yang P, Gu F, Xu D (2002) Mater Sci Eng B

94:181

18. Cordoba G, Arrpyo R, JL G. Fiero, Viniegra M (1996) J Solid

State Chem 123:93

19. Gascon J, Tellez C, Herguido J, Menendez M (2003) Appl Catal

A 248:105

20. Cherian M, Raoa MS, Yang WT, Jehng JM, Hirt AM, Deoa G

(2002) Appl Catal A 233:21

21. Hernandez MT, Gonzalea M, De Pablos A (2003) Acta Materialia

51:217

22. El-shobaky GA, Ghozza AM, Mphomed GM (1998) Adsorpt Sci

Technol 16:121

23. Nishio Y, Manley RS (1988) Macromolecules 21:1270

24. Janbey A, Pati RK, Tahir S, Pramanik P (2001) J Eur Ceram Soc

21:2285

25. Liu Y, Ren W, Zhang LY, Yao X (1999) Thin Solid Films

353:124

26. E1-Kader KM, Orabi AS (2002) Polymer Testing 21:591

27. Nicho ME, Hu H (2000) Solar Energy Mater Solar Cell 63:423

28. Ocana M (2001) J Eur Ceram Soc 21:931

29. El-shaarawy MG, Bayoumy WAA (2002) Mater Chem Phys

78:405

Fig. 3 The morphology of the
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