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Cellulose nanocyrstals (CNCs):

» 3-30 nm wide

» 100-500 nm long
» Anionic surface charges

R,=H or 0,SO"Na*/H

Hydrolysis

Pretreatment

12

TEMPO (C6) aq.
Periodate/Chlorite (C2, C3) aq.

- - Np2
vH or COO'Na+/CV

Disintegration:
Mechanical shear force, aq.

Fll1 Cellulose nanofibrils (CNFs):
B 0O R, F|%1 7 » 1.7-6 nm wide
|
. . . 2 3
o O O  Disintegration > 102 to over 10° nm long
> 1O O o} > » Uncharged or anionic charges
OH Shear force, aq.
OH : Microfibrillated cellulose (MFC)

Nanofibrillated cellulose (NFC)
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1D, 2D, 3D Structures, Properties, Applications
RS CNF from TEMPO/Blending

Amphiphilic & Tunable hydrophobic

CNCs & CNFs (W: 2 nm — 10 nm) Self-Assembled 1D, 2 D

- emulsifying agents e super crystalline nanofibers

- capping agents 1D, nano-composite nanoflbemr;sz(iiréﬁrofgﬂmé)
- nanotemplates - ~ films & coatings W:x00 nm

- antimicrobial dispersions & sprays 2D

- exfoliating agents for 2D nanomaterials —* molecular sensors "ﬁ _

- hydrophobic CNCs & CNFs —* hydrogels ere——es .._,.,_

e organo-gels
e aerogels

e core-sheath aerogel flt;ers (wet spinning)
w: 20 um - 500 um)
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One-Pot, Holistic, Green Synthesis

Functionalization

%)

2-bromopropionyl esterification

TEMPO (C6)
carboxylation (C2, C3)
phosphorylation

sulfation

telomerization

v

functionalized cellulose
R1=H or R1

Disintegration

m

shear force in aq.

Sonication in
org. media or
matrixes directly

n
>

CNFs —

Aq./Org. suspensions
Coatings

Films

Fibers

Aerogels

Exfoliating agents
Fiber spinning
Elastomers
Nanocomposites
Hydrophobic coating
Reactive drop-in
Polymerization

Functionalization: solid-state, heterogeneous reaction, stoichiometrically optimized
Disintegration: In-situ fibrillation in media or matrixes
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Functionalized Nanocelluloses
One-Pot Synthesis & In-situ Disintegration

e Cellulose (waste, byproduct)

» Heterogeneous reaction (s.)

» Stoichiometrically optimized (Cri)
 In-situ fibrillation in matrix or media
o Streamlined (functionalization to product)

* Robust processing

(isolation, purification, green synthesis)

» Improved productivity (scale)
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