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25 ¢ 10°m s sk ¢ 10%m (micron or ym)
2% :1/10, 000,000 from equator to north pole

Nanomaterial : at least 1 dimension of a material
<100 nm according to US NSF

Microfiber : fiber size> near 1 micron
Submicron fiber : fiber size<1lpum, = 500nm
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% ¥ » Electrospinning (ES)

e #.w ¥ Force spinning (FS)

* % ¥ » Solution blow spinning (SBS)
* % ¥8 ¥ » Electroblowing (EB)

* 4f £ ¥ » Islands in the sea, Segmented Pie, and side
by side including SB and MB

+ ¥37 B# > Spunbonding (SB)
* 37 * %% > Meltblowing (MB)
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syringe

polymer solution
Taylor cone

needle - —>
liquid jet | _
Ea high voltage

power supply = *

TTRI http://upload.wikimedia.org/wikipedia/commons/c/ca/Electrospinning_Diagram.jpg
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Taiwan Textile Research Institute

Electrospinning e e ‘"’

« 1902 J.F Cooley » 1936 C.L. Norton (U.S. Patent + 1970%s Some activities ¢ 2000“s Several
(U.S. Patent 692,631)  2,048,651) Melt Electrospinning.  with commercial intent research groups

and W.J. Morton « 1938 N.D. Rozenblum and 1.V. from a few companies published theoretical
(U.S. Patent Petryanov-Sokolov at the Karpov @S from patent activity, models for
705,691). Institute in the USSR prepared namely Bayer and electrospinning

. 1914 J. Zeleny, filter materials from electrospun ~ Dupont. (details ahead). A few
published work on fibers known as "Petryanov * 1990“s D. Renckerand ~ COMpanies set outto
the behavior of fluid filters”. Work not well known in  others reinvigorated the ~ commercialize
droplets at the end the West. research interest in electrospun materials.
of metal capillaries. . 1939-1960"s Petryanov filters electrospinning. Today + 2005 Elmarco

« 1934 t0 1944 A. were produced atTver' for the hundreds of groups commercializes the
Formhals (U.S. manufacture of electrospun around the globe work first Electrospinning
Patent 1,975,504)to  smoke filter elements for gas on electrospinning. equipment
1944 (U.S. Patent masks.
2,349,950) forthe . 1964 to0 1969 G. I. Taylor
fabrication of textile  pyplished a theoretical model
yarns. describing the first stages of

TTRI electrospinning. =’¢ #L % B 2 NCRC
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(Coutresy of O. Jirsak et.al,, TU Liberec)

TIRI

%}‘j;ﬁg&}i AFHLEEANL G2 HA LI ET 0 P ABRAR Y ATH A AFE  FUARSS IR e AN
Tpe information con{ained herein is the exclusive property of TTRI and shall not be distributed, reproduced, or disclosed in whole or in part without prior written permission 8



Electrospinning punzser €9

TIRI FH %K MECC

%}‘jfﬁl}i AFALL R 2 A ARG EY 0 A ABRARY AT A AFE USRS E R AN
The information con{alned hereln is the exclusive property of TTRI and shall not be dlstrlbuted reproduced, or dlsclosed in whole or in part without prior written permission 9



Electrospinning punzser €9
e ———

B SR

Organic Inorganic Metallic  Biopolymers

PA6 TiO, Pt Gelatine

PA6/12 SIO, Cu Chitosan

PAI (Polyamidimide) SnoO, Mn Collagen

PUR (Polyurethane) WO, PAA (Polyaramide)
PES (Polyethersulfone) AlLLO, PVA (Polyvinylalcohol)
PVA (Polyvinylalcohol) Li,Ti.O,, PLA (Polylactic acid)
PAN (Polyacrylonitrile) PCL (Polycaprolactam)

PEO (Polyethyleneoxide)

PS (Polystyrene)

PVDF (Polyvinylidenfluoride)
PVP (Polyvinylpyrrolidone)
PVP — | (Povidone-iodine)

TTRI 7’~- M7~ Elmarco
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Nozzle based Nozzle-less

¥
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] L

Free liquid surface electrospinning of Rotating drum is dipped into a bath of
Polyvinyalcohol o liquid polymer. Thin layer of polymer is
{Courtesy of David Lukas, Technical University of Liberec) 2
carried on the drum surface and exposed
to a high voltage electric field.
When the voltage exceeds the critical
value E., a number of electrospinning jets
are generated.
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Electrospinning PR
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Scan Lazer
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Polymer sheet
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High- voltage power source

RUI=25—

Polygon mirror

I
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Laser oscillator

B

Ground fabric
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Forming ultrafine fiber Collector Forming ultrafine fiber sheet
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TrRl C' UNIVERSITY OF FUK
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Solution blowing punzser €9

inge pump (b)
i a syri
syringe pump ( ) core solutio!
shell solution \
polymer solution -

concentric
concentric nozzle

nozzle

ulgh pressurg *_::iyg“t:‘gzssur >
Cylinder blown nanofiber
blown nanofiber mat
TTRI Source: Journal of Applied Polymer Science DOI 10.1002/ app
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Force Spinning punzser €9
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Rotating pathway
oir

*By using Centrifugal
Force

* Both solutions and

M e ItS wir7s A d A
Rotary jet-spinning (RJS) process

*No high voltage, no

/

hot air -

New Process —many ===
u n kn Own S Collector

TIRI
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bl ExxonDesign
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N N
12-row-spinning nozzles Single-row-spinning holes

200 nozzlefinch die 25-35 holefinch die
60-80 mil spacing 28.6-40 mil spacing
S00~2000 psi melt < 350 psi melt
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Meltblowing Dies punzser €9

v

Biax Spinnerettef 3

Folymer melt inlet

=~ _
Attenuating filament

Spinning nozzle

Top plate air hole

o Top Plate
Haot air inlet
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Meltblowing Dies mmznmscn @)

Biax B4 EH

Y s

100cm single drum collector with Biax
die/spinnerette system
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Spunbonding/Meltblowing (Nanoval) pzzzer €

Method and device for the production of an essentially continous fine thread
United States Patent 6800226
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Segmented Pie pamEBoTTT

@ % 48 /,\ %.3‘!:.% “‘1 1 %‘ '# Evolon-a New Generation of Fabrics . o

microfilament fabrics
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http://www.donaldson.com/en/index.html
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ORE* % (HEPA T4 8RH)
S Hs Bk A R P2 K R REIRH e
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7o %R ¢ Nonwovens in Filtration - Fifth International Conference, March 2003
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Media Comparative Cross Section
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Nanofiber

(o Airflow n Layer o
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Opatentowana ; J
membrana wykonana
z submikronowych
wibdkien, macznie
zwigksza transport
wilgod

Elastyczna i rozdagliva -
zapewnia komfort ruchu

Odporna na écieranie
warstwa zewnetrzna
Opatentowana -
submikronowa membrana

zapewnia najlepsze
kontrolowanie komfortu
cieplnego ciala
Miekka warstwa wewnetrzna

7
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Exclusive Membrane Technology
means fwe-way air exchanpe

e

TTRI http://www.polartec.com/shelter/polartec-neoshell/

%}‘j)ﬁﬁg&ﬁ AFHLEEANL G2 HA LI ET 0 P ABRAR Y ATH A AFE  FUARSS IR e AN
The information con{ained herein is the exclusive property of TTRI and shall not be distributed, reproduced, or disclosed in whole or in part without prior written permission 34



AT SR R # pazzzerz €9
OR&FAHH (FBPKK)

Conventional Waterproof/Breathable Polartec® NeoShell®

TTRI http://www.polartec.com/shelter/polartec-neoshell/
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Taiwan Texntile Research Institute
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Taiwan Textile Research Institute
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Taiwan Textile Research Institute

at 550 nm (%)
g 8 3 35 8 8
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Taiwan Textile Research Institute

Specular Transmittance

Sheet Resistance (Ohm/sq)
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ORZBZTETRE

- Electrode Mass Charge Specific | Discharge Specific
E\EE—IC ASAP 2020 (mQ) Capacity (F/g) Capacity (F/g)
s fis
=EI 5 By A RNV =
AT | TR (PISEIEBEO Sum) E11 o7 161 168
EUE_IC Langmuir , E1l-2 9.7 174 183
+ >1000 g/m
#foR | Surface Area E1-3 13.1 188 209
RILLERERE 110.092 g/m?
E1l (mean) 174 187
MSLIGLERERR | 100.6054 g/m? (3L
L 451 &5 : 17~3000A) E2-1 12.1 222 242
WSLEEBI (%) | 91.326 % E2-2 55 256 296
E2-3 7.5 266 291
E2 (mean) 248 276
E3-1 7.5 267 288
E3-2 6.8 292 314
E3-3 5.9 264 292
E3 (mean) 274 298
Commercial active carbon fiber 1* 110
e D 24 e 2005 Vet | Commercial active carbon fiber 2* 130
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ES nanofibrous Spray coating &  Nanofibrous Waste water  Sandwich non-
membrane

1@“‘ K'-
s

UV curing  membrane filter woven filter

\V,'n

Pu re water

m Specification
@ Average nanofiber diameter
=200nm

@ Average pore size =0.08um

@ Filtration efficiency
(MWCO=300K) >90%

mApplications

@ Filter for water purification
@ Industrial wastewater treatment
1 @ Bioseparation/Hemodialysis

%Tj%ﬁ&:}iﬁ AFR L FHAE T LA GG RET 0 A F‘Exf’é é AT R EAFE AR AR E e W AR
The information con{alned herein is the exclusive property of and shall not be distributed, reproduced, or disclosed in whole o in part without prior written permission 38

ES membrane

Plate-type

Column-type




AL g g i 5
ORHAH® (T FAHHL)

600 1
2 = =
ar TR Jearroris| (R TTRI. (BATRHIEHI490 mo/g)
& 500 -
o PAN z k2 o | - wsiaz &
PRy =T WoH =
Ayl # /£<350nm g
itk =) <0.8um >3 um ﬂ 300 -
Pk “COOH “COOH =
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§%%(25°C, 1 atm) > 60 hr
3 B (MPa) @23°C with water soaked 34 40
TER 200 180
%% R (S/cn) @ 70°C/ 95% RH 4.38 x10°  1.21x107
¥ 5 #EH(Q) @ 70°C/95% RH 0.128 0.134
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Sheath-core spinneret

PVP in
ethanol/water

}

plastic
syringe

<+— MEH-PPV(PHT)
in chloroform

silica capillary

metal needle

BAB

Bicomponent ES fiber
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A: fluorescent material
B: polymer (helping to form fibers
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