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Fibers with Diameters less than About 0.5 microns

(Corjisenstis MNae belivarszll Wil Defifliions oyl o = 16
Nelglofreiars glgef e co L lylicrar))

ypical Pelymenec Nanofilers Currently Prodluced
Have Diameters Between 50 and 300 Nanometers

Presentation Focused on Cellulesic Nanofibers
Created By Nanofibrillation Technoelogy and
Produced on Commercial Scale

Alternative “Low Cost™ Nanofibers for Range of
Paper Making and Other Engineered Applications
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Regenerated Cellulese

Ray/ORV\VISCESE
Viere Amperpheus Structure —Generally/ Alradesinite shorts IEnaths
HigherViedtlustRPelynesic Rayen (iticel) had SighrEipmmiawen Eevels

Lyecell

High Crystallinity withrmicrefibmllar structure / similar te lyotropic rods —
low |ateralibending hetween crystalline regiens



Lyocell Technology

Fulp

NKMO
Dlsmlvlng

Wazte Water

hplnnlng

"MAIMO"
M-Methyl-maroholin-M-oxid

Finishing
Drying

Lyocell-Fire




Phaysicalvsi Chemical PreCESS

Purified Dissoelving Woeed Pulp
Amine Oxide Selvent
Extruded (Spun) Fhareugh Spinnerets

Continueus Elamenits / Circular
Cross-Section (Cut to Shert — 0.5 to 8
mm-Lengtihs)

Leng Chain Melecules 7/ Highly
Crystalline (= 601 %0 ) Structure
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Prepesed Structure at Different:
Pimensienal Levels e Ly ecellfEllser @

Fibre, diameter 7

10 to 30 um

Mainly the disintegration
on the macrofibril level 1s
relevant for fibrillation !

Macrofibril, made
up of microfibrils
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Cellulose structure with ORI
amorphous & crystalline regions, 4} /| i "
pores and voids |

Skin, ca. 100 nm dry,
can swell very widely.

1) Y Macrofibril, ca. 0,5 .. 1 ym

Cellulose molecular structure
(crystal lattice)
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Approximate
Structure . number of fibrils
Element “ per fibre cross-
section

Nanofibril 1.330.000

Microfibril 5902
Macrofibril 236

Complete fibre
- 13 um
diameter




Initiall peeling of
fibrils (imacro
pundles) alengl the
filoer lengthl o
Individual Hieers,
Induced by,
mechanical stress;
Special Precessing 7/
treatments
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Continued Splitting
Inte Microfibrils /
\With Einal
Nanofibrillated
Elber Exhibrting
Range of Eiloril
Diameters

High Aspect Ratio
Eibrils (CEst. =
1000:1)



[Farge majoerty (numiher
average) of fibrilfdiameters
are between 0.05 and 0.5
micrens, With typicallaverage
eifabeut 0.3 micren

Very small number fraction of
2 -5 micron diameters

m Effective as a “bridge or
Scahficld hoer=in
CEAUNG applicCatIenS

. = Otherypical EIers
IR Paper Eermulation




Fraction (%)

25

N
o
\
|

|

(6]
|
\

=

(@)
|
\

<200 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

Diameter (nm)




e v
rbzgracsa Capsr Sanacss, ne BT Lyzcsll Tibn latzs [ oer 2000 [



Crinlar Weooaecel /Neri=eeiel

Nanofipbrillation Process

Davelgorierts




Acrylic/PAN Coenventional
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\/arious Processes Described for Fibrillation In Literature
Using Short-Cuit: Eilbers

EET Preprietary Process Developed for Nanofibriliation

. Eiber / EivriifCength Contralied by Lengithr off Starting Shert=-Cuit
=loelf

n Nanehbrllatien Process Less Eneray, Intensive /7 Very High
NUmerFAvVeragersusmicrentEnarr  DI2mELErs

m Commercial Scale

m Economic Alternative to Other Sources of Nanofibers



llechnigue EIRErR Size Irelighput
C)
Electrospinning —1.00-300 0.3 g/hoele/hoeur
Meltblowing 300+ 0.5 g/hole/hour
Bicomponent 300+ 0.5 g/hele/min with
Spinning/separation multiple rows of hoeles
Nanoefibrillation 510)510]0) +4.500 g/min/reactor

Nanofibrillation Process Provides a 1000X Improvement in
Throughput Compared to Other Processes







Wide Range of Nanafibrillation Level (CSE) and Eilber
Lengith Pessible

n CSE 2000 ZEre! (Ao VIUCN.E5s)
s Fiber Length 1 te 8 mm

Products Provided In \Various Forms

Wet Slurry ( 2-3%6 ConsIStEREY)
DEWatered (& 110% Selids)

Wet [Lap /ZCrumia(& 201%) Selids)

DRy Lapi (= 801% Selids) Developmenital



Cellulese Nanefibrillated Eiloer Supply.

s Renewable / Sustainable Sources

n Bleceghadanle
1 EDAVARPROVEGEIER GlaEES

Low Cest/High Value Compared with Other
Nanoefiber TFechnolegies

Current Development Scale & Commercial-Scale
Production In Place (tennes/day preduction

scale)



Hydrophillic and Hydrephoebic Chemistry/

x Manmade and Natural Cellulose
m Cellulose Blends
m Acrylic (PAN)

Compatiple with High Speed Papermaking
/ Wet Laidi Nenwoeven fechinelegy.
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Alr Elltration

Water 7 Liguid Erltration
Protective Clothing
Vieaical Barmers
CleanReem \WIipes

Cogicricl Loy Eraclticiiyiiy Eifrliciric)
wevelopie/5e

JaNeseranas Ouier ApplIcatlons



> Highi Efficiency Binder

Calltlosic Nenaiiorillzieel Floars
Il Paioerrrzaldrie) / Elliretiorn) /

Norivwover Aoollcatiorns

* 100% Nanofibrillated
Fiber Wet-Laid Papers /
MiICreporeus Structure

(VieanPeRersSize =1
IVIICr@nR)

Fiber for Other Fibers /
Active Particulates
(Witheut Blindimg
Absorptive =
Palticles/EIers)

u Coatings
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(5)

Paper Viean Poere Air TRIckness
Construction [DICIELEN Permeanility@ 1 (rm)

(microns) 951

(L/psi/cmz/min)

Nanefibrillated | 0.35 2.3 0.85
Eilber
Micreglass 3.25 30 0.85
Eiber
Meltspun Wel | 10 105 0)52]0)
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Coating Weilghts of
0.5 —5 g/m?
ypically/ Applied

Slurry Coated

Duall Headbox

Other



()

1.6 g/m? Lyocell Nanofiber
Coating Level on Resin Bonded

Cellulese Filter 3
Relative perfermance can e S
compared using Figure of Meriit O,
(FEOM) LL
—log(1-efficiency) 3
FOM = k-
[
nd
Can be thought of as benefit toe
COSt ratio 0

Tlested using 0.18 wm DOP aerosol REicaLe 20l

at 32 I/m airflow



MEyAIgREVWEIgNFaaaiionsHe oWn eI 005975

ERRance pIgment application IN PIATING PFOCESSESI /BHGINLEN
cOIOKS /Qeater clanity o prnt
Can be charged to ennance pigment attraction to prin



Better Elltration Efficiency.

High Level off Particle / Eiber Retention
Higher\Wet / Dry Strength

Lower Basis \Welght

Higher ABSeriency.

Better Surface Smoeothness

Increased Barrier Properties

Better Printing Quality

EDA Approval / Biedegradable




1TV

Structural
Relnfiorcements

Surface Modifiers

Prinit Clarity/
Coeatings

Wet /7Dry: Strength
Enhancers

Precessing Alds
Particle Binders
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EETiec Nanofibrillated Cellulesic Elbers Offer New.
Preducts; fior New Applications

Production Capabilities 1n Place for EETec
Nanefibrillated Elbers

Various Preduct Ferms Can Be Supplied toe Meet
Speciific Reguirements ofi Papermakers

Custemer Specific EET Cellulesic Nanefibrillated
Eibers Can be Preduced



The Assistance ofi A. Slater andl C. Mechtler,
Lenzing Eibers, 1n Preparng this Presentatien IS
Greatly: Appreciated.
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