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Renewable particles
to be considered:

 Cellulose Nanocrystals
 Cellulose Nanofibers
 Lignin Particles

« Nanochitin




Cellulose Nano/Micro Cellulose nanocrystals
fibrils (CNF or NFC) (CNC)
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properties can

Chitin Nano-crystals/ B MicrolNano- benefit greatly from
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Manufacturing cost and MPSP

(USDIt dry ec

CMNF
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Biofuels, Bioprod Biorefining, 12, 251 (2018)

CNC

Manufacturing cost and minimum product selling
price (MPSP) of forest-based nanomaterials

Nanolignin

Scenario 3 Scenario 4
Co-location Co-location
Acid rccovery No acid rccovery 1600 - 1,504
*
1400
1,%41
¥ 5,125 1,115
* 4,829 48
3,860 “
3,632 ’ 871
696

(2 IS - oo 20
s 153 I
—-115 274

1,500 = s 400 1
0.4
1,632 200 - -
500 1,632
T +— 0
-500 - -21 167 Kraft lignin + DMF Kraft lignin

mRevenue from gypsum
Fresh water + other chemicals
m Efuent treatment (outside)
Depraciation + maintenance

= Sulfuric acid (100%)
Matural gas, eleciricity, steam
® Labor + Overheads

Nissolving pulp (dry hasis)
= Lime
Other fixed costs
+ Minimum selling price @ 16% hurdle rate

Biofuels, Bioprod Biorefining 11, 682 (2017)

+ ammonium hydroxide (14%)

= Other fixed cost Utilities

®m Overheads = Solvent makeup
= Depreciation = Lignin
®u Labor *MPSP

® Maintenance

ACS Sust Chem & Eng 6, 11853 (2018)



« Conventional emulsifiers: diffuse to interfaces and adsorb spontaneously
 Particle adsorption: nonspontaneous (energy barrier to adsorb)

Free energy of desorption: AG; = nr?y oy (|1 — cos@|)? > kT
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CNC: interfacial activity - Pickering stabilizer

Aqueous phase:
90% water, 0.45% CNC, 0.16% NaCl

Oil phase:
10 wt% sunflower oil
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Droplet diameter (um)

Note: CNF alone fails to stabilize this system stably



Salt concentration

CNF: no or little interfacial activity

SDS-assisted emulsions for CNF system

w/O/W
W/O

o/W/O O/W

Qil 50% oil Water
COMPOSITION

Py |

The addition of CNF increases emulsifying
capacity with very small amounts of surfactant



CNF delays or prevents transtional inversion

Toluene/water (50% oil)
SDS =1.2%

w/O/W

Possible exception:
Aqueous Counter Collision (ACC) CNF
(less hydrophilic)

(e S o T ey

o/W/O

Salt concentration

Qil COMPOSITION Water

CNF (0.3%),
5 wt% NaCl

Huan et al., Biomacromolecules, 18, 4393-4404 (2017).



Can different nanocelluloses be combined for
synergistic stabilization (surfactant-free
emulsions)?

CNC+CNF 1n emulsion stabilization

Sunflower oil == ﬁ%@ CNC-stabilized
DW/ ‘=" Pickering droplet
%, Cellulose nanocrystal Cellulose nanofibril

\, (CNC) (CNF)




Droplet floc forms at varied CNF loading

0 wt% 0.001 wt% 0.005 wt% ! 0.01 wt% I 0.03 wt%

0.05 wt% 0.075 wt% 0.1 wt% 0.2 wt% 0.3 wt%

Scale bar: 20 ym

Day-1

0.5 wt% 0.75 wt% 1.0 wt% Bai et al., Green Chemistry, 20, 1571-1582 (2018).



(a)

Depletion stabilization

Diluted with
CNF solution

Separate oil & Pickering
aqueous phases droplets
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CNC-stabilized emulsion inhibits lipid digestion
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CNF-based Double ¥ € e &% Hydrophobic-hydrophilic

emulsions for high- 5 compatibility

qguality electrospun
nanofibers

Surfactant Mix

Allows spinning hydrophobic
fibers from a system
containing CNF and initially up
to 76 % water

Composite Nanofibers
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Carrillo et al., Soft Matter, 12, 2721 (2016).



Nanocellulose-stabilized emulsion ink as 3D-
printed functional materials
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Dilution gas flow (N,)

Aerosol flow
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Atomizer,

EHT = 1.60kV A Aalto University
WD = 64 mm Mag= 3.03KX Time :20:34:24 u Aalte-NMC

Lietal., ACS Sust. Chem. & Eng. (2018); Cusola et al., Langmuir (2018); Tardy et al., Greenr Chem., 20, 1335-1344 (2018)



Lignin particles in Pickering stabilization

Green = Qil

< 90° -

T

Hydrophilic \@ water
particles water

Carrillo et al, Soft Matter
2046-2054 (2015)

Ago et al., ACS Applied Mater.
Interf. 8, 23302-23310 (2016)
Ago et al., MRS Bulletin, 42,
371-378 (2017).

/. SEM After freeze drying



Nanochitin: a simple stabilizer for super-
stable Pickering emulsions

Purified chitin DE-chitin Nanochitin
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* Improved interfacial wettability by surface acetyl groups

* Less repulsion due to uneven surface charge distribution



Nanochitin achieves long-term super-stability
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Droplet size was stable over 0.2
wt% nanochitin loading

Bai et al., ACS Sust. Chem. & Eng, 7, 497-6511 (2018)



Formulation
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Closing thoughts

1. Nanocellulose, nanolignin and nanochitin:
Keeping them in water — emulsions?

2. Systematic description is possible:

Precise theoretical prediction to guide the preparation
and to widen the use

3. Applications (including material development):
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