DA L MR

1. ME

HZ HE AR 2 AR A= HAFG 7
= IT (Information Technology), BT (Bio Tech—
nology), NT (Nano Technology)”7} 9t} v 7]
&2 42t A0l AFE AEE vAg 27)9
EAEL tUEE 712 a8 B4 s B
22 9 3atAQl AAE F45 A7 Eis) o
FolA 1 9tk E3], vhx AfE dA AREd §
oA 7F %2 <A77t o]FolAn e
2 7ol 4 YoM 1 vlo]3E 59 A £l
to} olAy wAE HFE FAE Yz BEd
Ha Gz 39 Bajol digie Ads] 2 =
12 7H A Hol FEoH AAQE A Qo] sbE
AR F5717F gol FX3to] H471x
AEET 4A AFAE 5 vk =3 B &4

#Ownﬁﬂrw
2 ln

bovFJ

Agois s AT (oD
Aol AR (D
PR HAEH WA
Ao} g AT

HUVIS #2874 Aa7g

gle] E3ldo| e4Ele] BalAla g 249 4= itk
v AsE x-]]zs]_._ yjo=a 713k uJ-o] /\}_g_g]
2 A71MAM (electrospinning) ot} A7|4t
Ak 3R fdolut £FE & AE Folst

gt T3oe AEF
(&xh

gty Fode Fsieh
432b

Ftohehy Fahe} gl stil
(‘”*l-)

slatATd AgA

(Post —Doc.)

AgUety Fopds 35
(=D

vl University of Massachu—
setts at Amherst (Post—Doc.)
FeFosty uiRy st
ST

Zdigty e daesa

e

Biomedical Applications of Polymer Nanofibers

Zddisty A§2et3 (Won—Keun Son, and Won—Ho Park, Department of Textile Engineering,
Chungnam National University, Daejeon 305—764, Korea) e—mail:parkwh@cnu.ac.kr
HUVIS #28F4 (Young—Sik Nam, R&D Center, HUVIS, 600 Jungja—dong, Chungan—ku, Suwon,

Kyunggi—do 440—-300, Korea)
gt

University, Daejeon 305—764, Korea)

274

A=A AF4 (Won—Keun Son, Advanced Material Research Center, Chungnam National

Polymer Science and Technology Vol. 14, No. 3, June 2003



o 182 A (ep) & BHAA W AR ALAE
Aoz Aoz A9 BE nRA] &
o] 7¥ste vlwA sk AXE oj &3] v A
FE AR & Uk = s iye deEdz e u
AP (melt blown) 18|, E7}4AA 3EA R 2§
T 17k AulE e ' gtk Alste] gtk
S AR dolXE ARE A7PEAL] vlE F&
A73& 7Kt 19lof dstEe] e 71 WAt
HE 83t 4 ARE de 3 Fo 53
A (conjugate spinning)©] itk 8 1449} 2
2 #=A} (islands—in—the—sea) S AZd}= Ao
Z 7| EAEL PP,PET ¥ PA-6S AME
9 ST c7E EVOHE AM&SIRTh wALE
HYEE AAE EAES 1,1207019) w)Ag A
#F2 TeEed, ol 4zt =AE2 oF 300 nm
9] ARE 7R B3AE BalM QoA v
e vluy W2 u]go g it Aile] shesite
Zo] AT A AjHE TS| = o)
o]FT o)]FE Y AFY FH £59 JE5FC
2 ANl A7APe] 2 ARgHE 7]E9
SEHAE FEME TEAL d3tEa oFE 9
A7 &oA Bal7l dojutn® A go] &t
sttt A7PEAPE & o] &sto] Wizl v Afe
AFHER, A3 2 2AFEE AAET (sc—
affold) 59 &j&3 §&o] AEHI o, HZ
o= okE& AFAA DDS (drug delivery sys—
tem) & S83telE AIER itk Eaoas A7
HARE S8 U A9 Az ] 2 g 3k
A doliy o)gA AzE Y AR JgF
&l tiaiA MR or Aury|2 sl

JE 1. 20| BEE HzAtel MR ®HOlF AL

IEXtastst 7l A 14 ¥ 3 & 20039 6€¥

2. A e dRe M=

21 e

A7)VGARY A7)AQ 8 o] 4t 2FA AH
2 Azshe WHoR AZEE 1897d) Hx2
53315901 1930 d el Adgel HeH3Ah! o]
A ojn] e AV HARE B3I v ARE
Az A G oW 717 Bt APHoE FEER
53 o]lf olo)HUAHB AR AR A UF 7}
B3 A5t GeiA dult {0 ARV &
7] WZolch ojHH AL FAlE AVHAIR
e U AR H3e £58 327171 olgy vl
<9] o] ulRE ) o}F oF WkA7|7L A 1977
dollMol &J32] ICIoA A EAE E (mat)
o AzPYPoE AZITALE o]l88 & Y= 5
37F wEEL? ICIME g8 $79 354 2
A9} A LS AHEE] AR 8
o, A AN HEE mAE o] AAEe|
Ut A8 A5E FE3) AASHE Eedm o
T AZIALY AYE £EE ALoE AAET
t Rl 2 9971 ok 1990dth Futol] ghAj=
u|Zo] ARt E FAoE Edd A7) of
Folxlm, 2dyE 3 A7t wAEE A
Adoz FHsiEE xgo] ALHUE A 9
Me ul#e] Behg ojTojud Fa3 s 7
2 QA FUME iz digtm @ 7]GAlA
3] A7t Ha ok

A71ALE B8 AzE Ais s e 24
7B AR O A% ZdEFo] W 31 F
e A7 B w|AEe] B whg) WEg
EAHE AR Tt @olr g AAlste] &3
7Hs8he 2o &gof gigt Bato] & EAL 7}
A Stk A7pAbe) E thE AdL ke 34
oz AL Y& A& F UL T Aol
Z Akl SAlel RAE FER AQate] shssh
3 Akl A2l Azl mig ZT WAl AR EE
A dutQl Hapadu)ef vla) WS s 23
o] St} mS e ko TEAE o] &AM WA}
TFEEER AT LR e Hrhel A o)
449 F 9ok
22 HZE Y

A7VGARE W21 & o) g3t A 4
o] gddelA mlAlgk A7]9) A{7E BAsta o))
Hhd) A3ke 7HAE FEwe] ZoiN A Iy

AU

275



o
DN
Syringe
Metering
Pump
High Voltage
b Supply

8 2. Electrospinning device.

9 ARE I T3S e J8 20 A7)
F29] NBEE GePYE W7 18R &
A T 1E2 90] DAA Sl capillary tube
8} collecting screen Alo]ol]l TRz} ZAM Q]
FAEZHET £ A7)FE 718t 1 RA A3 o
Ag Y71 o]gA #AE B HAWoew W
EHAN 23AAZ B ot} 3 o]YA
HAFE A2 AFHgo] BolxA H3 7 HAolA
izt FEstAY 18] dF3etEA RAE
g st Bk A7IHALE ol g8k 718379
ol 7hsdt Fulo) njs| 43E] E guUEs @
AR AZAE 2& F vk A7 des
o] dtHog Ful Yiu|E ol a5
ARstD Wl 7PE5 F3de] Bl 4
ok 38 3 A7 AR Ve ARe) R E H)
WF 0 JAEE ok 50 upojAR 9 HAS /A=
Ao vlal vhe i i) d Ao sk e
[2)

g}

[

rE ol
flo

O D BN

2 AZE ¢ ok Atz o AdgtEe] Qe A

o] AARL 1 vlelaz FEQA Rel wla) A7 gAE

&3t olhtth B 7k RS A2 5 Uk
A7HARE 37) Slside ks 540 ol

o &

. olE A3 nEAE A el gaiE &

Bu)
)
r{;t
L
o>

 AEE AzEE AR g6 2
T ARpo|r}. &
= A9 FAP AJH1 0]
2 g Aoz o
oA¥y Af3E 9 ndelx A7 34

mlnsgsgrir:m%ggr{ro;_uoz
12
w S
el rf.j
dpy
n S
i yo
i =l
o
o
fe r

>
N

[\
3
[ep}

Taylor cone

N s

LA/ A TR AVAYA

X

7
YA ALY icty AT A4

Collector screen
{Rotating or Stationary)

8 3. TIIYAE LRt Q1mo FMXIEN|IE AL

. ARt The st AEE nEAe 5
2} zto) 7t A5k 0.5~50 poise JEE &

Ao g FPat] M f99 FEE FHY
3] ®oldA| olH FHwdo] 53t SuiE AMRSH
o wE 13k AR USRS BY F glom
Z Fosihd g vlslel gl AAE FHh=
BFE Utk A7PEAM] ARGEE WY BA F
b AR wel gEXT 10~50 kV HYo)
oh At A7]el wet oA AR Fest
2 gyt el utet Ay AgE A st
of gt} ¥ miA AeA FHHwAx Y Are
ARe FHE ZAshe st e9o® g
A7t AR 7hed ARt S8 AREHA 2
o] F2 A7t FAREE AME AAld et 3
7 A2E ARsteiof dtt A7PAM] Ui HRE
A7) A% 2HEC] Wgshs AL A FH
e} 47149 B/do] th27] wiolth &, 59%
ALE 7hetolx 714 wHe2 Ak} 2% o
27] mgel shtel A& 2 Aol Fge)

Polymer Science and Technology Vol. 14, No. 3, June 2003



h
1 At constant electric potential,
T flow rate & concentration

Fiber
dia.
! L
12 20
Screen distance, cm —»
At constant electric potential,
T screen distance & concentration
Fiber
dia.

>

3 5
Flow rate, mlh ———»

&
At constant flow rate, screen
distance & concentration
Fiber
dia.
! ! j .
10 12 14

Electric potential, KV ——»

A
1 At constant electric potential,
T screen distance & flow rate
Fiber
dia.
1 1 1 >
15 20 25

Concentration, wt %

18! 4. Effect of process parameters on fiber diameter, produced by electrospinning.
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28! 5. Electrospinning current measured as a function
of spinning voltage.
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TEBAC #7tell w2t edeo] S7tstgion o
NAEEE F7BIY 92 AsE 27 £ol=
B RAAY Rolu A EXv &urth AN 1
8l 74 Yeht Sl%ol TEBACE #7hst B¢
o} 200 nm F%¢ MG ARE & & UNUTh

A7)k tigt B} Zlo] e dAtEo] H
APA tekdt BAVHER ¥e40R AEEd
o} 19991¢] m]=2] NTC (National Textile Center)
2] Rld o & UMD (Univ. of Mass. Dartmouth) 2}

B 1. variation of Surface Tension, Electrical Con—
ductivity, Solution Viscosity by Addition of TEBAC

PLA | TEBAC | Surface Tens. | Electrical Conductivity | Viscosity
(%) (%) {mN/m) (pS/em) (Pas)

5 0.00 24.45 <07 399

5 0.05 32.73 2 368

5 050 31.50 149 366

5 1.00 3791 47 311

5 1.50 41.22 411 337

(a)

8! 7. SEM of PLA fibers obtatined by electrospinning
without TEBAC{a) and with 1.0% TEBAC (b).
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18 9. Porous PLA fibers obtained by electrospinning
from solution.
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a8l 10. Coating of structured template fibers and their
selective removal yield structured tubes.
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8 12. TEM of electrospun fCNT in Pellethane.
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J18! 13. Electrospun nanofibers have high surface area.
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Z18! 14, Microporous membranes and electrospun
nonwovens have high convective gas flow resistance.
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¢ ! \Tiamy Woven Cotton F:
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5w X ot Polyostor Fabris " i

a
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" Nomwen Batting {thermal insulation Iay-r)
1
1 .2 4 8 8 1.0
Relative Humidity

22! 15. Electrospun nonwovens have excellent water
vapor transport properties.

12 16. Method of manufacturing clothings by elec—
trospinning technology.

282

oF 3211 A 0. Iz AAE AsdstE 710
Mdohd ol2fd & W] k2 el A3t
g ZAoE 7|dgrt

3. Lk A9el ojsts 28
3.1 MALIEE nEX L M7

ARG nEA e AFE 58 IEA A
29 dFoz AYPE A8d=d AHEHAY AL
2 &49 AAY FAE dASE 5oz A
Ak AR eg nEA Ui AR st 88
Arggelct. ¥ A&7t *321101] AHEE7] SlE
Ae Qi oz AAer REL wof A5,
AAA 843 @ 2HORFE ] FALS PO
A e B4, & ATl $58tdof gt A
29 =7olA A8 EAE+ PLA(poly
(lactic acid)) 2} ¥AXLE A xs7] 98 Xinhua
T APAL uEe AEEETY olEe A
o AR vdxTx Pt 89 (s 1A

o BAW), W7)% A7), §A BEET o)
o4 el Wrhsh g 34 o] dEeTE A
& nolact su JHIE e whges o
D P E e
Ae g

Hoo] 1Bz Afe FASEs A AA g
£ U AR Ariiat FEshA 2EET 9l
t}. Bowling ¥2 PLA, poly(glycolic acid), poly
(ethylene— co—vinyl acetate) (PEVA), Z&Hl S
7 2 ANREL A7AE A AAIEER
Mgk 9% 71z ATEARE BRI Fang
2o SAYXG e FREAM [d7WAE PLGA
poly—D,L—lactide— co—glycolide) & 47135k
t}® 3 Reneker 5 A7PAME R Y

‘8’ el Qdx1=2] 743 (encapsulation) o #3)

78 v} QUehl0 ol mER}F Soe] E84 YAt
’éa uﬂﬂoi’ﬂ V3t Rth =3 FARFE 2
3 AANEY F2 8 5, A F T2
Bl e itk AVPEAle] oekAel -8 g
Reneker Sl o8l 3% 589 FASolct! of
2o AxRF e X8E A3 2dd ARE AA
oz F7PAEoRM I npA3 S WEIUG
e st NS ARIAY 2HEETE BE
7] 93 Bz AMEl] fs8) A9 pHe £%

any

Polymer Science and Technology Vol. 14, No. 3, June 2003



ze FHAA AL ST A A
MEE o el ¢kE g giAERY §2AT7t
gy e shgioh
3.2 =Xt (Tissue Engineering) @ 12X} Lie MR
ZAZE Bokx= A7|HMAle &) Azd TEA
U Agel 28 FoA w shiel Zulgle EoF
o 24 38E aEa v AjE dAzAs d
- 1

A Ee 2eT BHoR ASHY AE, AAAY

N Fa

HA3 ok gREe] =EEE A7 Y
g P27} AZRRT 248 FR3TE AL
RojEt), ol A7IWA ofaf AxHE Hx A
& rmAFel QA F27F I8 174 viebd vt
g} Zro] Zekdl Y AR-Sol 3adA o JAE
AL 71A (extracellular matrix; ECM) o +&3
o= % SAalely] el oz wddu. 47
uabst A9 B3 54 =3 B 29 2ol A%
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Q18 4 9k

T8 88 sl 7Ll Y
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o
7} Wz, e JgEs £33 JAH B4E

P

«— glycoprotein

proteoglycan collagen
nanofiber

O 17. AEA7|H (ECM)2l 24 E.

B 2. Comparison of Tensile Property

Electrospun Structure | Skin
Cartilage
Tensile Modulus (MPa) 323 130 15~150
Ultimate Tensile Stress (MPa) 23 19 5~30
Ultimate Tensile Strain (%) 96 20~120 |35~115
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olaz A0l (microsphere) & #|Zg wj o] HbY
L AT ® ALY S EE =8 oE

@

8! 18. SEM micrographs of the interaction between
cells and an electrospun nanofibrous structure after 3
days of culture. (a) original magnification % 1500, (b)
original magnification X 2500, (c) original magnifica—
tionX2500, and (d) original magnification X 3000,
Bar, 10 um.
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218! 19, Percentage release of tetracycline HCL from
tilms and electrospun mats vs. time.
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“Nanofibers were prepared by electrospinning of functionalized PS.
followed by the immobilization of enzyme.

18l 20. Chemical route for synthesis of functionalized
polystyrene and subsequent attachment of enzyme®.

IEXIEN 72 Al 14 @ 3 & 2003 6€

H 3. Nonaqueous Catalytic Activities of a—Chymo—
trypsin in Hexane and Isooctane

Solvent [APEE] V/[E] MAM™Y Enhancement
(mM) Native | Nanofibrous
Enzyme Enzyme
Hexane® 2.5 0.026 78 3000
Hexane? 2.5 10.3 22100 2150
Hexane® | 30 40.9 56150 1370
Isooctane® 2.5 0.036 204 5670
Isooctane® 2.5 14.9 22300 1500
Isooctane® | 30 37.7 45900 1220

“Anhydrous hexane and isooctane conditioned with 3 A mo—
lecular sieves. *Water (0.1 % v/v) was added to the reaction
medium.

2! 21. TEM of a DNA fiber from a 1% solution in water.

#F3l7] st AREsEe ¥ E0] AN
DNAE F2WAst & Axlst A3, 7o) 0.5~
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A dgich O8 212 1% Fed802 A7t
AFet DNAQ] TEM ARlolt}, H#2 732 62 nmo]
B AREd AZZ e e 29 1148 3~6
nmZ DNAS o] Tz &3k Zlojt}, o]y
DNAE Bxd8 AEZ 754 s £+ oA
DNAZQ] o] 717 EAE vt ¢ Zo] 478 &
Q& Aolr}, &} FoF AMMS DNA HEE
SeEg glo] ATAES 1 mg IEE FHL g
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