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Shinshu University Is located in Nagano Prefecture

e

NAGAN{}

OQ@

Winter Olympic Game in 1998 Old cag m‘
4 Shinshu University, Japan k ‘ Nano Fusion Technology Research Group

Hot spring



&

LA Contents

© Introduction: Why Nanofiber?

Potential Applications : 3
& Recent Research Achievements ..liﬂx##ﬁifi!%ﬂ%i -t &

© Nano-Fiber Production System

Shinshu University, Japan K ‘ Nano Fusion Technology Research Group



— What is Nano?
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1 nmisto atennis ball
what a tennis ball is to the Earth

10" m

Tennis ball

Shinshu University, Japan k ‘ Nano Fusion Technology Research Group



The weight needed to stretch to the Moon from the Earth
it Microfiber: 450g Nanofiber: 0.15g
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10°
* 1nm=1/1000,000,000m
PolymerChain Nanofiber Micro fiber Normal fiber Filament, Cable
e s b G & 3
1 E|—IO 1.E-09 1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00
nm
Atom _
DNA . A Insect

Microorganism

Cell

Virus

Small but Great Effect
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Number of fibers per unit volume

| 625 15625
Nano-fiber
0.2 pm
Cellulose fiber
25 um Micro-fiber

1 pm

from Phillip Gibson and Heidi Schreuder-Gibson,
U.S. Army Soldier Systems Center, Natick
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Electrospun Nanofibers:Electrostatic Spinning
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\ Nanofiber Electrospinning
s{ﬁsmungn?v Positive
Electrode

—
Copper Wire I

Power Supply
Syringe r

Characteristics of electrospinning;

- Various polymers are available

- Low cost for production

- Controlled diameter of the fibers
from nano- to micrometers

Needle- (___Slﬂgle‘\]et

b o - - -

Charged fibe\rs,%‘,o - Easy processing
Rotating Metallic Collector - Direction preparation of fabric sheets
Schematic of electrospinning E-spun fibers System parameters
- Mw &MWD, architecture(branched,
One of top - down manufacturing processes linear

etc.) of the polymer

-Solution properties (viscosity,
conductivity, and surface tension)

Processing parameters

- Applied voltage, flow rate, concentration,
distance between the capillary tip and
collector, ambient parameters
(temperature, humidity, air velocity in

the
chamber)

- Motion of collector

to produce polymer fibers
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- Organic Polymers for Electrospinning
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s{rﬁsmungn?v Nylon6, Nylon66, PU,
Nylon6, Nylon66, PVA, PVAc, PAN, PEl,
PVC, PU, PVC/PU, etc. PU, PU/PVC, PCL
PVA, PVAc, PAN, -Biodegradable Nylon6, Nylon66,
PEI, PC, PSF, etc. polymers :PCL, PLA, PSF, etc.

PLGA, etc.
Coating Nonwoven Filaments

N 2akUT KE, 08REE Sam. L B3MANSBE 1)
il . e e e
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y~ Various Nanostructured Electrospun Nanofibers
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Nanofibers: volumetry in biomedical publications since 2000

X0 A0 2002 a3 X0 2005 2006 2000 X8

This chart was built by searching PubMed for publications mentionning
nanofiber or nanofibers in their title or abstract.
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Potential Applications
&
Recent Research Achievements
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1 Various Applications
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Advantages Disadvantages Liquid filter

Large specific
surface area

/ =
el
mi“ HyperMac Nano

Battery
separator

4 e
J .

Outdoor wear

Clean -room
wiper
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- Recent Research Achievements
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fZM A2  Advanced Electrospinning Nanofiber Assembly
Spinning Techniques Nanofiber filaments ' '
Solution electrospinning High strength nanofiber filaments
Melt-blown electrospinning Shape memory nanofiber filaments
Hand spinning Nanofiber tubes
Ultrasonic Electrospinning Nanofiber capsules
Nanofibers
Energy | Healthcare
Electrics/Electronics [T Biomedical
Metal nanofibers Nanofibrous scaffolds
Catalysts ~ Wound dressing
EMI shielding materials Drug delivery carriers
Filters Hydrogel nanofibers
Separators
Electrodes

Nano-Characterization Mass Production System

Tensile test of single nanofibers Nanofiber Mass Production
Friction test mmey,  System

16 Shinshu University, Japan k ‘ Nano Fusion Technology Research Group



A

Marketed Filter With Nanofiber
V| ' | LA W o )
; ’% Nano Filter Advantage
7 18 A N® 3 z
‘ iﬂ A Ag i y808L
m: ( 4 Db R)
Depth Filtration Surface Filtration
DUSt DUSt Finish Point of Life Time
AT rtts 1
T = Vi Naaslis
Time
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Filters
-~/  ULPA, HEPA and Nanofiber
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3 layer Nanofiber Web

Air .
Permeability Pre;smubegrop Efflcol/ency
(cc/cm?/sec) ( 20) (%)
HEPA 54 20.5 99.9
Nanofiber 14.7 5.8 HEPA
ULPA 2.01 34.7 99.999
Nanofiber 11.5 7.8 UEPA
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—4 Filters
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Mechanical Mechanical capture
capture (pore size) (pore size) .
Trapping mechanism 100 / e
Adsorption Bacteria retention / 7
(lonic bond , etc.) ability 80 7 ot
= i
Removal efficiency (%) 80 ~ 99 99.999 <§ / J
&% / /
g / i
E 40 / ’l
20 / ," — Nanofiber Web
Particles W / ,/' ____ Marketed
,ater 0 A . Membrane

A

Particle size (um) g

Hydrophilic Polymer (Nylon, PU, etc)
Nanofiber Membrane



Breathable Waterproof Fabric
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Hydrophobic Polymer (PU, etc)
Nanofiber Membrane

Thickness (micron) 15 14 JIS L1096
Air Permeability (cc/cm e sec) 0.80¢ 0.05 0.50¢ 0.05 JIS L1096A
Water -proofness (mmH,0) 5,000¢ 100 12,000¢ 500 JIS L1092B

Vapor Transmission Rate(g/m 2e 24hr) | 140,000¢ 5,000 | 160,000¢ 5,000 JIS L1099B2

-
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‘wd Nan O'Wlper Airborne Particle Counter
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SHINSHU UNIVERSITY 507 [ 1 Marketed Product
F I N\ano Wiper

100 200 300 400 500 600
Particle Size (nm)

Nanofibers

Contains the size of particles
ranging from 01 to 1.0microns

Commercial wiper Nano wiper ﬂ
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08年10月28日18時25分-信越放送-番組名未取得/08年10月28日18時25分-信越放送-番組名未取得.MPG

Dust size: 3~5

— Virus size: 0.1~0.3 Nanofiber-Mask
Nano fiber
(SR N
SHINSHU UNIVERSITY Antibacterial pOWde

fungi

) | Nanomask
lightweight

Low constricting of the breath
Blocking of harmful substancesd providing
immune function.99.9 high antivirus function

»

Bacteria : KlebsiellapneumoniaeATCC 4352

Standard fabric : Cotton

bl anjs Blank Sample

,v"//

z | Atbeginning | 2.0<10' | 2.0¢10°
3
"g’ After 18 hrs 4.5¢ 107 5.8x 107
?n;_ Bacteriostatic : 0

reduction rate _

= | Atbeginning | 2.0<10* | 2.0x<10° ’
= "‘
2 | After18hrs | 4.5¢10 <10 -
m |
= | Bacteriostatic s‘
QD - :
% | reduction rate 99.9 ' -1
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— Nanofiber-Wallpaper
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Nano WallpaperNanofilm+Paper+Nonwovén After 2 weeks
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Metallized nanofibers .
—4 Metalized Nanofibers

“~_d

i

Ak o N
smewimes - Electrospinning | '

Ag: Antimicrobial

Cu: Electrical conductivity
Au, Ni: Catalytically / electrical
o TiO,: Anti-UV / photocatalysis
Other materials

X {
— Targeted
Nanofiber websg

Crucible

B |

<108 Torr

Resistive

Heater

Vacuum
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> Metallized nanofibers
) Metal nanofibers
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Cu-deposited PU Nanofiber web
'

Pure PU nanofiber

Deposition

T~

E - Pure PU
e -10nm Cudeposited PU nanofiber web
O - 50nm Cudeposited PU nanofiber web

0 - 100nm Cudeposited PU nanofiber web

Metal deposited PU nanofiber I
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“d_ High strength nanofiber filaments
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Polymer Solution
Nozzle
High Voltage
)  Strip of
( Nanofiber web ¥
A T 4
Collector ’. ; 3.5;‘ 3
7/ ¢ /
Fixed clam,
( P Rotary ﬂ{mp
1) Electrospinning 2)Slitting and twisting
5]
459 _g— Tensile strength [ 400 PVDF nanofiber flilament X TR
) _ B\ N\
--#% -  Young’s modulus M350 407 \
& :
gy 407 L300 2 =
<2 ; £ 304
= . - 25 (<
EL. . ’, 250 a = \l/
o 351 - £ z
& 52 L £ E 20
2 2 00 82
L) ” fr -
= e 2
E - - 150 Q
& 30 L & 104
.
w I 100
. [ A
25 . . , : . - 0 === T T T T
: 3 5 7 9 11 & 0 20 40 60 80 100 120 140

Shinshu University, Japan

Strain (%)
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Aligned nanofibers

Polymer
Solution

Collector with gaps

N. Kimura, H. K. Kim, B. S. Kim, K. H.

-5 Nanofiber Assembly Allgned Naoflbrs

, Materials
Power Supply

Negative Electrode

1

Lee, I. S. Kim, Macromol. Mater. Eng. 2010, 295, 1090-1096.
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Shape memory nanofiber filaments
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o o S S S S N EE N EE EE S EE Em Em Em e Em s s s e |
! I
! I
| Silicone rubber |
! . | I et L e o e S 2 2|
Polymer Solution " e :
e : Nanofiber filament |
3«"5‘:,"';., . Power supply - ‘ :
Nanofiber web v 1 1
. 1 Vacuume assisted infiltration & R.T.cure |
Collector AR ",E:"-" 1 X L § 1 .

T SIS PR 2 < I R 7772822722, |
|
/ / Fixed clamp Rotary ﬂ?:mp I Hybrid Nanofilament 1

|
|
! I
: I
1) Electrospinning 2)Slitting and twisting 13)Silicone coating & curing 4) Shape memory;
: behavior 1

Y. Lee, et al., to be submitted (2011).

Fixed Temporary Shape
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Blood SugarBio-sensor
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Expected blood sugar Bio - sensor

U Very high sensitive

Using Nano -fibers i Easter
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-’ SensorField

A\ Sl
1 é
s
outbut Chemical reaction Veo
utput «—— (Redox reactioet.al) | —L ' 2
: TN T High Sensitve
o o urrent
welcua generation S ensor
0]
’ Becauseé
_netatoxide i High surfaceto-volume ratio
uctor —_— -

Sensor mechanism Y reaction area up!!
(Gas sensor, humidity sensairal)

0.204 Response time =8 s
pump

nanofibers _v‘__-.{-{.-ﬂ-"ﬂ'-'_‘_

0.15 U i
High voltage /— 3 |

Power supply
bulk Response time = 100

-~

Pr——

- 0.104

s S
e 1
Meltng 0.05-

substrate Z —
600 nm :

ARIR,

U7

Polyimide tape
for masking :

/ High speed responsge

o1
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- Tissue Engineering
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Combination

KCells

Angineering

Avaterials

ASuitable biochemical
Ahysio-chemical factors

The typical tissue
engineering approach.

Remove cells

Expand number in culture

Seed onto an appropriate scaffold
Place into culture

Re-implant engineered tissue repair
damaged site

akwnheE
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> Tissue Engineering
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\ Extracellular Matrix (ECM)

Hyaluronic acid

The extracellular matrix is part of animal

tissue that usually provides structural
support to the cells in addition to

Fibronectin

performing various other important

functions.

Seeking to Function of scaffold material

We used many, method. 11
INvolve the use ofisynthet
fabricated from brocompatible materials N Moderate strength

and cellsitowards

nese mainly:
C S

]
c scaffolds n Biocompatibility

N Supporting to cell proliferation and

differentiation
Shinshu University, Japan \ ‘ Nano Fusion Technology Research Group




4

~_

{EMAR

SHINSHU UNIVERSITY

W

Bty

3weeks:

ke B
Y o R
Mk

ACommercially available synthetic polymer
polylactide (PLA), polycaprolactone (PCL),
poly(glycolic acid) (PGA), and their copolymers etc.
and especially synthesised novel biomaterials that
are designed

Shinshu University, Japan
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Good loosely connected 3D porous mats
- high porosity and high surface area

>Micropore Scaffold

Microfiber Scaffold

Nanofiber Scaffold
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