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Abstract: Recéntly, an electrospinning process, which is one of various nanotechnologies, has been used
in fabricating micro/nanosized fibers. The fabricated electrospun micro/nanofibers has been widely applied
in biomedical applications, specially in tissue regeneration. In this study, we fabricated highly aligned
electrospun biodegradable and biocompatible poly (e—caprolactone) (PCL) micro/nanofibers by using a
modified elec’rroépinrﬁng process supplemented with a complex electric field. From this process, we can attain
highly aligned electrospun nanofibers compared to that fabricated with the normal electrospinning process.
To observe the feasibility of the highly aligned electrospun mat as a biomedical scaffold, nerve cells(PC—
12) was cultured and it was found that the cells those were well oriented to the direction of aligned fibers.

Keywords: a complex field electrospinning process, micro/nanofiber, poly (e—-caprolactone), nerve cells.

M B

T kV o3 agE Tsled, 1At &4 vldel Z(Taylor

cone) 22 HHHLL olu] 7|3 WhatE (electrostatic force)©l

e}

EUAEET ZEiA R

on
o

whipping zone& A5
WeAdR-E REETE o)A AjlFkE AR A7) oF oA

WA leE 193433 19444 Alolol] £ F8k2l Formals7t A4
7188 o] 83t A} HIHE PAk7|&o] w3 ESE St o)F
1970AtiE EA2-1 A7} AIEET 11T 2000 013, =
ZIAL 37 AAlel tist o} 24 sz mAlel] #alo] has) AT
1 Qo Ao g VAR E AlRehs A7) dels B
W3] (surface tension) ol 2J&f ¥AR=Z Eofl = 1A} G0

$To whom correspondence should be addressed.
E—mail: gkim@chosun.ac.kr

185

Fulo)AE H719] AFEA Falel njsf Eaze] 7] wiize] T
T ARSSIgE ) st o3t aE B 4 3lom, 3340 Jlo Al
T 52 FFE B HelEely, ok A2 ALY T Tk ol
A gl ok ol LAl fas 3 wlo|ont) 2 S
EAZ AREA ke, 53] AEE APIATE Robell 285 o
St #2 olPid Ay A9 vISHIAQ 7] BEE B
AR = Sl HlgAde] s vl Al B 1S THR
skok #2 Shin 52 wiEEE 28 vheidfol AZAES 33



186 & & ols.
on 77 A7 sjgide] 9585E ECMo] Evishe A8 ddls}

Fom o= A|E F4o] IR 218 oJulsic}!® mEsk Banker
ol Jshd AAMEL] A% 2 Rag 2AEs) g8k v)AE
Z1aE AMgesies M Knoll 5& 3 H715t 5128 A7 50
Fakgl & ARE7)E vAeiskE E8 uel A7 AEr) Asle
AL ERIBYTE0 et Bag ARYET WAy M wi=
AR o] yelg njef AZ 2ak gl 12] Aol waEd
UL HES P, Yilgorel' osbd 3311 AE 9] §dEY] Wal
off vjgt Ml Falodsks wasIgin), Aule) whey, vk #]aka)
Tt A2ETE FNTE SRS 1mYdvh e, oled Rz
£ AT L] mude] oeiME JEES WS 4= Q7] uiie] 4
S ¥ Al slel] whE AlEEA ul S0 gupk= o 4= Qigich
ozt vl do] 3t LinAd i AN o® AR &
?] 3| &Eof APSA A= ok 2Eu ZiAF R viead
15 A7 Wl B0 £59] A wiof A|2L- Hh2lo]
L7ET Qi) o)y st ZAREE FHEIY] Ysk] Xia 52 ElA
=& £l 28 9993 Al A8 AolE ol8sk A
S A7 Yarin® Ramakrishna 5-& 9912:¢- 3)7
E22 ARl Aee) MigAde k= A7 A8sgich 0P
T Kim ePlel w /7271738 F71slke] sk A ol

Al L

O

Sk BALE AEsh)E sigic
ol el LAl foll A7 AR wjeksigle A9 71z o)
APYEIEe) ABAES e P90} vlRRE WA A

F& A5 Z02 Y2
B Aol 71ee) B 25eIA Adtehe

ol 8¢ BIA/|FL ol §od, 7|22

A& 29 Bl 21g3le] Aol S5 .

s, Aafe oAl ol AAES waslgion], 1 gt M)
oF o] ViAo el et A -

15T,

e

ME. & A7elMe 17 wt%dl PCL(M=60000, Aldrich)-&
AaR ARSI oY, gl 2= DMF (N, N~dimethyl formamide,
junsei chemical co.) 2 MC(methylene chloride, junsei chemical
co.) & 8:28 Ejsto] ARSItk

BM, UA99] 27) jetd stretching motionsE #44317] ¢
a1o] ARIRYE aiglom 27] jete] Holgt stretching zone®} 4
A 5 BNtk 7] HAkE WeAael AR A, B
sk FARARKEAY]Z (SEM, S—4800, Hitachi) & ©]-43131 2™,
upo]g 2/ P32 A e dE (storage modulus) & =743 ¢
3 AT HE AJBE 7FZX AR Z2E 3 mm X 10 mmE e
on dulEs o)l FAE S, T IAISY7(DMA-
QB00, TA instrument) & ©]&3}0] A ES Stk

A A U BN AV Y] FAeARE 1At Y F
73] (high voltage power supply, HVPS, SHV200 40 kV/5
mA, convertech), A¥2} = (syringe pump, model 781100,

KD Science), A#E, BFAF(auxiliary electrode), =&2- ©

=2 1

E2H, #1347 3%, 2010d

Function generator
HVA

iCollector

<

’ % Ground
Syringe Pumping
System

(b) A field-controllable electrospinning
process

{(a) Normal electrospinning
process

Figure 1. Schematics of (a) a normal electrospinning process:
(b) an AC—Field—controllable electrospinning process.
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Figure 2. Schematic description of the alignment of elec—
trospun fibers in an electric field.

(a) Nommal

{b) Complex field

Figure 3. Initial jets for (a) a normal electrospinning process;
{b) a complex field electrospinning process.
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Figure 4. SEM photographs of (a) nanofibers electrospun with
a normal electrospinning; (b) with an AC field controllable
electrospinning process.
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Figure 5. Alignment of nanofibers electrospun with a normal electrospinning (2): AC field controllable electrospinning (b).
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Figure 6. The average diameter distribution of electrospun fibers for a normal electrospinning process ({a) and {(c¢)) and for a

modified electrospinning process ((b) and (d)).
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Table 1. Average Diameter and Standard Deviation of Electrospun
Fibers Fabricated by a Normal Electro-Spinning and a Modified
Electrospinning Process

DC field

DC+AC field
Collector speed (m/s) 3.1 8.4 3.1 8.4
Diameter {um) 1.03£053 0.89£0.46 0.96+049 0791048
12

DC 20kV, 3.1 m/s
DC 20kV, AC 5kV, 100Hz, 3.1 m/s
10

Storage modulus{MPa}
L2

Sample

Figure 7. Comparison of storage moduli of electrospun nano—
fiber mats.

Table 2. Mechanical Properties of Electrospun Mats for Parallel(}})
and Perpendicular(l) Direction to the Rolling Collector

Electrospun mat{l)  Electrospun mat (1)
Young’s modulus{MPa) 11623 0.9%0.1
Maximum stress{MPa) 1.220.1 04%0.2
Break strain(%) 47.1%46 145.5%5.3
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Figure 9. SEM images of cultured PC—12 cells after 7 days on
PCL micro/nanofibrous webs fabricated with (a) a normal
electrospinning process and (b) the modified electrospinning

process under a constant speed of the rotating collector,
3.1 m/s.
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