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1. Production of nanofibers by “Electro Bubble Spinning Method”
2. Properties of nanofibers overlaid nonwovens
3. Properties of polymer/silica composite nanofibers

4. Industrial applications for nanofiber nonwovens
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Why has electrospinning not been widely used for the production of nanofiber?

Inefficient nozzle based electrospinning is still predominant
High maintenance due to the clogging of nozzles
Nonuniformity of nanofiber layer thickness

High production cost
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Principle of EBS
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P=4xyxcos0/D

v: surface tension of the polymer solution
0: contact angle of a porous materials and
a polymer solution
(Japanese Patent 3918179) D: bubble point diameter of the porous materials
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Comparison of fiber diameter of nanofiber and conventional fiber
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Advantages of EBS

1. High production throughput

2. Low variation in basis weight
of nanofiber

3. Easy maintenance

4. Ecellent cost performance




Line length : 20M
Spinning area : 16M
Width of the Web : 1,600mm
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Basis weight of
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2. Properties of nanofibers overlaid nonwovens
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Composites of 2 and 3 layers can be produced
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Nanofiber overlaid nonwoven (Top View)




Nanofiber overlaid nonwoven (Side View)
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harison of Mean Flow Pore Diamete _DSE

Pore size can be controlled by the amount of nanofiber overlaid
Pore size reduced from ~1004m down to 200nm
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omparison or e Al _DSE

Air permeability of nanofiber web is 1/10 of microfiber web
at same pore diameter (10pm)
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3. Properties of polymer/silica composite nanofibers
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Composite Nanofiber

Ceramics nanoparticle
Polymer solution
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Composite Nanofibers of PVA/ceramics m

PVA/AI3(4 ' wm) comp05|te nanoflber
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200°Cx1Hr

300°Cx1Hr

PVA nanofiber
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PVA/SIO,

Bublbe Pore : 0.449um
Mean Flow Pore : 0.2768um

Bubble Pore : 0.456um
Mean Flow Pore : 0.2841um
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Bubble Pore : 0.805um
Mean Flow Pore : 0.473um

200°Cx1Hr 300°Cx1Hr
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Bubble Pore : 0.706pum
Mean Flow Pore : 0.414um
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Morphology changes of PVDF/SiO2 nanofibers m
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Maintaining nanofiber structure
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4. Industrial applications for nanofiber nonwovens
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Cross Section View of Multi-layered Nanofiber \Web m
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PVA/SIO, nanofiber

Wet-laid nonwoven
(polyolefin)
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Overcharging test started form fully charged (4.15V) condition
Charging current : 15A(0.5C) constant current
Upper limit charging voltage : 10V

Cell voltage

PVA nanofiber separator ->Ignited by thermal ~ PVA /silica containing nanofiber separator—>
runaway after overcharging of battery No runaway happened during overcharging
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Nail penetration test started form fully charged (4.15V) condition.
A 5mm SUS nail was struck into battery perpendicularly to laminated electrode

Nominal capacity

: 30 Ah
Thermal runaway does not
occur on the battery with PVA s =
/silica containing nanofiber " 4§\ —> cellvoltage [~
separator nail penetration \\\ cell temp. __l_,
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Potential Applications of HIROSE nanofibers

Applications Technical Background

High performance/high safety Ultrathin wet-laid nonwovens
Li-lon Battery Separator Polymer/Ceramic composite nanofiber

High Performance Filter Media

(Air, Liquid) Nanofiber diameter control technology

High throughput spinning technology

Apparel, Tissue Engineering, etc. (low cost)
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Thank you for your attention

S LT AR s e




Contact Information

Japan: Hirose Paper Mfg. Co. Ltd.
http://www.hirose-paper-mfg.co.jp
Email: y-kishimoto@hirose-paper-mfg.co.|p

U.S.A.: Hirose Paper North American Office
http://www.hiroseamerica.com

Email: nanko@hiroseamerica.com
TEL: 404-550-2573
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