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Fabrication of axially aligned TiO,/PVP nanofibers
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Abstract TiO,/PVP nanofibers were electrospun by varying the collector grounding design to improve the axial alignment of
fibers. The collectors are composed of two pieces of conductive substrates separated by a gap for the uniaxial alignment of
fibers (X design). The collectors consisting of two sets of substrates placed by 90° (XY design) equipped with a timer are
also prepared for biaxial alignment of fibers. Both collectors show that the charged nanofibers are stretched to span across the
gap between the electrodes. Experimental results reveal that the latter collector is more effective on the directionality of
electrospun TiO,/PVP nanofibers due to the dissipation of accumulated electric charge between the collectors.
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Fig. 1. Schematic diagram of conventional electrospinning
apparatus.
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Fig. 2. Electric circuits for (a) uniaxial and (b) biaxial grounding of collector.
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Fig. 3. SEM micrograph of electrospun TiO,/PVP nanofibers.

Note that PVP concentration, electric field and Ti concentra-

tion and flow rate are 0.09 g/m/, 1kV/em, 0.14 g/m/ and
0.5 ml/h.
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Fig. 4. SEM micrographs of two simple device structure that

were directly fabricated using the electrospinning. TiO,/PVP

nanofibers stretched across two Si wafer electrodes. Note that

fibers are (a) within the gap between Si wafers and (b) on Si
wafer.
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Fig. 5. SEM micrographs of electrospun TiO,/PVP fibers. Note
that the fibers were electrospun for 1 min.
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Fig. 6. SEM micrographs of electrospun TiO,/PVP fibers. Note
that the fibers were electrospun for 10 seconds.

A vPre 3%9 AIRRs<t skt AAA A (electric
charging)®] HAE E3lo] Ao w sjihgozH
o] $435 Zle R FHEN. & AFe VRATE
A, 5 AYE dFe] AV|ZRE HEA|TFFEoRE ¢
& AEsHAl AZFsPH  vlEH2] (crossbar junction)2]
i< (array)S 7Y T AS AR odr

4.4 B

TiO,/PVP UeAg
FEugos HAE

So] wEkge 7] 9Jdle] st
hEA A7 A}EITE SEnkek



34 Se-Jong Lee

o7 FAY AS, theAdhel
FAZE AR Al WEde] vha ZhAeioiT AR, XY
1,2—%—0— AR FA g H9oll= TiO/PVP iAo
S.223 HRAo] BAET A7 A E U ge] W
TEZE W71 A7, PVP F=, Ti(OCH(CHy)), &%=,

flow rate’} ZFZ+ 1.0 kV/em, 0.09 g/m/, 0.14 g/ml, 0.5
m/helic}.

e PgEIot

[1] S. Iijima, “Helical microtubules of graphitic carbon”,
Nature 354 (1991) 56.

[2] Z.L. Wang, “Nanostructures of zinc oxides”,
Today (2004) 26.

[3] S. Bae, S. Lee, S. Cho and D.Y. Lee, “Growth of car-
bon nanotubes on different catalytic substrates”, J. Kor.
Ceram. Soc. 41 (2004) 247.

[4] D.Y. Lee, S. Heo, K. Kim, D. Kim, M. Lee and S. Lee,
“Electrically controllable biomimetic actuators made
with multiwalled carbon nanotube loaded ionomeric
nanocomposites”, Key Eng. Mater. 284-286 (2005) 733.

[5] D.Y. Lee, M. Lee, K. Kim, S. Heo, B. Kim and S. Lee,
“Effect of multiwalled carbon nanotube(M-CNT) load-
ing on M-CNT distribution behavior and the related
electromechanical properties of the M-CNT dispersed
ionomeric nanocomposites”, Surf. Coat. Technol. 200
(2005) 1920.

[6] S. Kim, Y. Choi, Y. Song, D.Y. Lee and S. Lee, “Influ-
ence of sputtering parameters on microstructure and
morphology of TiO, thin films”, Mater. Lett. 57 (2002)
343.

[ 7] H. Choi, S. Kim, Y. Song and D.Y. Lee, “Photodecom-
position and bactericidal effects of TiO, thin films pre-
pared by a magnetron sputtering”, J. Mater. Sci. 39

Materials

(2004) 5695.

[8] Y. Song, S. Kim, B. Kim and D.Y. Lee, “Hydrophilic-
ity and bactericidal effects of TiO, thin films prepared
by RF sputtering”, Mater. Sci. Forum 449-452 (2004)
1261.

[9] Y. Chen, Z. Sun, Ye Yang and Q. Ke, “Heterogeneous
photocatalytic oxidation of polyvinyl alcohol in water”,
J. Photochem. and Photobiology A: Chem. 142 (2001)
85.

[10] H. Fong, I. Chun and D.H. Reneker, “Beaded nanofi-
bers formed during electrospinning”, Polymer 40 (1999)
4585.

[11] G Li, K. Takashima, S. Katsura and A. Mizuno, “Elec-
trostatic assisted formation of porous ceramic film”, J
Mater. Sci. 29 (2004) 4067.

[12] X. Wang, C. Drew, S. Lee, K.J. Senecal, J. Kumar and
L.A. Samuelson, “Electrospun nanofibrous membranes
for highly sensitive optical sensors”, Nano Lett. 2
(2002) 1273.

[13] L.T. Cherney, “Structure of taylor cone-jets: limit of low
flow rates”, J. Fluid Mech. 378 (1999) 167.

[14] M.M. Hohman, M. Shin, G. Rutledge and M.P. Bren-
ner, “Electrospinning and electrically forced jets. I. Sta-
bility theory”, Phys. Fluids 13 (2001) 2201.

[15] M.M. Hohman, M. Shin, G. Rutledge and M.P. Bren-
ner, “Electrospinning and electrically forced jets. II.
Applications”, Phys. Fluids 13 (2001) 2221.

[16] C. Drew, X. Liu, D. Ziegler, X. Wang, F.F. Bruno, J.
Whitten, L.A. Samuelson and J. Kumar, “Metal oxide-
coated polymer nanofibers”, Nano Lett. 3 (2003) 143.

[17] D. Li and Y. Xia, “Fabrication of titania nanofibers by
electrospinning”, Nano Lett. 3 (2003) 555.

[18] S. Kim, D.Y. Lee, M. Lee, S. Lee and B. Kim, “Fabri-
cation of electrospun titania nanofiber”, J. Kor. Ceram.
Soc. 25 (2005) 548.

[19] D.Y. Lee, B. Kim, S. Lee, M. Lee, Y. Song and J. Lee,
“Titania nanofibers prepared by electrospinning”, J. Kor.
Phys. Soc. 48 (2006) 1686.

[20] A. Theron, E. Zussman and A.L. Yarin, “Electrostatic
field-assisted alignment of electrospun nanofibers”,
Nanotechnol. 12 (2001) 384.

[21] GE. Wnek, M.E. Carr, D.G. Simpson and G.L. Bowlin,
“Electrospinning of nanofiber fibrinogen structures”,
Nano Lett. 3 (2003) 213.



