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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.

Key words - Nanofiber, Electrospinning, TiO,, PVP, Alignment, Collector

TiO,/PVP YA 2] A&

OlMIE'

A4St AaA)sstad, 24, 608-736
(2007 1€ 12 HF)

(20079 1€ 25Y AAET)

2 o TO/PVP ARl WEe FANI) Astel BAH FAPUL WRANEA ARSI BT
H2g 7k A48 RE st Tole ARA J1Be SHER Agsel A7 ARSI B, UG AauD
& SIS o0 e WAL FALE Golnz LAHBN BASIT. D194 A v fe UG A3
1 A7 mste] s HAE Wl HARAT. HPA, FA) TOPVP hef 35 29e) ZAE Azt o)
15ed gl U EAol%c,

B>
LSy
rO

LM B ol AM-S o]83 template A=, (2) template 3H,
(3) template AAFTHeIth 3GA FHLE A3 A=RE
&8 (metal oxide)?] W= tZ(nanostructure) Zro] Aok Htow g x2S Whlo] g FHT)

A A7VAAY, e, 714, 373, AA|, Aok & AR 2HEjH oy Fef=upgS olgale Az
|7FsA0l & EZR 7P Be AWt A Folok,  TiO, WS ¥HoA 8] XA (specific surface area)]
53], 19919 ¢&9| lijima[17F @A eRFEE 248 Z712 388l At (bactericidal effect), AF32HE-(self

o]% Wk WeFH, viglolo], Yx¥E i cleamng) B 33”0] Z5 A} 6-8]. 3R, vhdt
Ze2d, Uegdis A8Eok] et todabd wdsta 2 AT §hgo] vehke 1xE] B4R Tt
‘th FAolTH2-5]. WeTE P8-S dukg o | ]—E HIEHAS F7HoR F/RTIE AR Az

32 7K templated] A8 Ve FEE AATE - IRl &7 Al HA Aok 53], PVA[9], HE([7, 8], 3
@t}ﬂo] 7P de] ARER St B2, TEA el EERVISHREE, TROISAS GAIZe] ®E Bajv 8

& #9 dipoating’l7] QAT AZIT, emplate  HE o A8 AIE $5 BSEE SHE

£ oS BOIE 3 U ueRa APTE K s Sk} v

A A4S SasoRE B0l ATHEL (1) e 71ES) ARA ARFRE ¢ AR B 4
. Sele GEeHe 2E DS BAS Eh

"Corresponding author Aoz A 4 Y A W FHo| FFHT} AHE

ggi:?szz-ssll-iéoz-iz;% APRE 7EA d-5-GA (textile industry)lA d] AR

E-mail: Isjong@ks.ac.kr = J1EE FAP) T:.___(ﬂOW rate 5_7%)‘)1] 4" FAL



Fabrication of axially aligned TiO,/PVP nanofibers 31

7)(syringe) FExZEGEmm A7)l LAY (10~30kV)

< ¢7eb =& A7 (electrostatic charging)ll 2J3)
AR S (droplet, jet)o] FEEES Bl e hewA
Qg "dd F(Taylor cone)ol A} 74
o] A7)7F wuAEuYg ad FA718e 7 AAE
24 E<] Taylor conedl|A Z|730] grobA|wA etk

13 (radial charge repulsion)] €3] 2{/fe] HepdE
(filaments)Z Vrol# 4FvlE SY= P 55 F
A (collector)ell Wed-R7F AAETH10-17]. V=il
o) B EHA DA Qul)AH (r’L)lY) HAE (24
ZHE VAR Ui AAIVR Qdst HEEAS
Pr1Ho 7 FIMII, Ae7 TFE, TFET A8
WS-8 Iuist A F ok U] V1SS F
ste] WRSEAS SWIAIZ 4 Qdth EESE A7PEAPEE
7NE 7)o vl 27] $xH] 2 v AEeal
A7t golgt AL AaL e
A7PAE Al dofubs 7T
o A=)}, Hohman A7E[14,15] H7135}
A FEeEE S8l AlEY ¢S (1) Rayleigh
mode, (2) axisymmetric conduction mode, (3) whipping
conduction modeZ AFHSF F 7 W} o|EH
2 Agsith, AEEs | o8 =& oM A&
de FAxoz vt A7) oF A7l A=
EoFd A (bending instability)?} THAH = HEA
(viscoelasticity)ll <13+ FE&37F) 734 (competition)
of oJaf WANEAE(spiral pathyE Wt WAFATHFig.
). A8 A= Ak Ahe AgEe] U glo]
HAMEA wgEnt. daAoA HlE(beadyt e
TiO, 9532 Af+ precursore] ol FA &8t
v Aeg #FHAUHI18, 19]. AT, H= {5l A
Aglol ¥AAHE A9 I Fe AAEAT. A8
A7 TiO, WiAdf HA AxRAS olgstd A
o) WIS PFPATAF S ARl e o
R o7 Holuh =& (drum) Fe]e AIHE I&H50F
FHANA 71AH wEoE AAUTH20,21). AR, w2
< zh= ARE I ele
7z WS A o)) B Aoas A7 AR
Aol WEdS Z7MF7) Sleled E9E HAY

[ox

)
Fs

o

ZA7|HARE TiO, precursors A|lZ317] 9131 titanium
tetraisopropoxide(98 %, Aldrich)®} ol€h&(99.9 %)S &
3 Rkl AExdE AFAEZ PVP(Polyvinyl-
pyrrolidone, ®AH = 1,300,000, Aldrichi)?} &)= of

‘ KDS 200

o syringe pump
syringe | || |
hose
22 gage
nozze I jet l
High voltage
ES30P (0~30 kV)
|
flat ground collector

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.

A7, PVP &%, Ti(OCH(CH,),), 5%, flow rate’} 2}
Z} 1.0kV/em, 0.09 g/ml, 0.14 g/m/, 0.5 m/he)AT}.
AR Az A AR ARy Asde 2] $isky
Afszioll vl=rF A=A gdotof gt BlZe A
< WA HEle HEE ol THAES 714
Aok gt} Aol HHEIEo], TH ) (~65
mM/m) Heh= A9 fiIglov H=rt ~60 cP o]3lelA]
= ¥=7F FAEATH1S, 19]. Wil vl=rt 24
g Afdde oeAld ZdAsE A 500°C A
Al AF7E BoAlE @de] HFEAY Bl AR 5
Zrol EAlShs Hl=rt RSl BAIEle] EXE]
Al FA Fide] dojue AoZE FAED B Ueide
o] A A AL FHHY MeRhoE It

Daelim WD 5.7mm 25.0kV x1.0k 5So0um

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 m//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.
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