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« Sweden: >70% forest

 Deforestation = Reforestation
« 380 million trees per year
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 Complex hierarchical
structure

e Cellulose
e Hemicellulose

. 0 Growth Layer 10-100mm
* Lignin
 Extractives
Microfibril
Cluster Molecular
2-10nm i

Montanari et al. 2020
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Bark

Heartwood

______*

Cellulose (20%)

earlywood
latewood

growth ring

Hemicellulose (20%)

» Lignin (20%) on
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Kerosene 12

Diesel

200°C Alkylation 16
q Lubrication Oil _

) . Cracking 40
300°C . el /by Cas Ol
Residual 60

Clooker

Boiler Destillation
Column

https://www.forbes.com/sites/davidblackmon/2020/07/25/first-new-us-oil- www.howstuffworks.com
refinery-since-1977-targets-bakken-shale-crude/?sh=6a2ce7e51a9f
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Cellulse oxalate (COX)

« Cellulose derivate e
« Oxalic acid dihydrate on 2O
OR
* One-pot esterification reaction o
\i > \% RO
— — 110°C n
R
OH o
OH
O HO ~ R= HO orH
HO O 0O
OH
OH
Li, D., Henschen, J., & Ek, M. (2017). Esterification and
— —n hydrolysis of cellulose using oxalic acid dihydrate in a solvent-
Cellulose free reaction suitable for preparation of surface-functionalised
cellulose nanocrystals with high yield. Green Chemistry, 19(23),
5564-5567.
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functionalization using polyelectrolytes (Doctoral dissertation,

KTH Royal Institute of Technology).
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Cellulose Nanofibril (CNF)
Aspect ratio: 50-100 or above Aspect ratio: 6-70
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Nanocellulose productlon

 Mechanical process
« Energy consumption: 27 000 kWh/t (Ankerfors et al. 2014)

 Chemical + mechanical
« Energy consumption: 2200 kWh/t

« Chemical pretreatment OH
« Eases the fibrillation process “~o’§&/ T0
«  Charged group on C6 HO i
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Emulsmns

* |lce cream, beer, mayonnaise,
cosmetic products...

« Surfactant = phospholipid

* Petroleum-based
surfactants/emulsifying agents

« Sustainability - renewable resource
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Pickering emulsions
« Solid particles

« Silica oil

- o i

* e Water
Water

T
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« Biomass
« Nanocellulose
« Lignin nanoparticles

oil phase :

nanocellulose

B\ TAPPI

water phase 'f'l N“Nu
Fujisawa et al. 2017 . DIVISION
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PrOjeCt ObjeCtlve Dissolving pulp Bark cellulose
* Cellulose isolation from
spruce bark Cellulose oxalate

 C(Cellulose oxalate for
Pickering emulsions

Nanocellulose

 Comparison with
carboxymethylated CNF
— reference
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Acetone ll:resgbxﬁtz o Homogenization
ot-Water igni i i i
Extraction Rl Delignification Oxalic Acid el ot
Spruce Bark Acetone Pressurized- Delignified Bark Cellulose Oxalate Nanocellulose
Extracted Bark Hot-Water- Suspension 1 g L
Extracted Bark

Extractives
Stilbene Glucosides,
Tannins

Non-Cellulosic
Polysaccharides

Rietzler, B., & Ek, M. (2021). Adding value to spruce bark by the isolation of nanocellulose in a

biorefinery concept. ACS Sustainable Chemistry & Engineering, 9(3), 1398-1405.
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| Eﬂ@w Micro-

fluidizer

110°C

Henschen, J. (2019). Bio-based preparation of nanocellulose and
functionalization using polyelectrolytes (Doctoral dissertation,
KTH Royal Institute of Technology).
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P|cker|ng emulsmns productlon

 Nanocellulose concentrations:
0.1, 0.5, 1 wt%

* Almond oil (crude oil) and
hexadecane (pure oil)

« Ratio 14:6 v/v (water:oil)
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Emulsmn characterlzatlon

* Light microscopy
»  Stability
« Emulsion Index (EI)
« Ability to resist structural changes over a defined time period

« Gravitation: 0, 1, 7, and 27 days
« Centrifugation

EI (%) =%*100

Hc = height of cream layer
Ht = total height of emulsion
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Dissolving pulp 5
—— COX-DP 1730
—— COX-B i

Raw bark

« C=0 stretching
of esters and
carboxyl groups

« Raw bark =
extractive

com pou nds DP — dissolving pulp
present in bark | B - bark

Absorbance (A)

T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavelength (cm™)
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Free carboxyl content (fiber charge)
____ Sample | Charge[mmolg'] _

COX bark 1.6 £ 0.004
COX dissolving pulp 0.7 £ 0.005

0]
HO
HoH TH.LOH H. -H
o) H‘O’H

HO

HO~ HO~
(2o wp (55
ZoH

WWSEG

WALLENBERG WOOD
SCIENCE CENTER

12-16 JUNE 2023 + VANCOUVER, B.C. CANADA




}J- G “'ﬁ"""

< Inte?néhnal C'onferehcévomNanOiet:hnolo f nt- ahlé,l\ll’ r"q ;

“‘L b, "

. -

Vlsc03|ty

T e Viscosity [mPas]

Almond oil (crude oil) 80.1+1.3
Hexadecane (pure oil) 10.9+ 2.3
COX bark 10.2+£0.9

COX dissolving pulp 16.1 £ 1.2
CNF 54.3+24

Nanocellulose concentration: 1 wt%
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400.0 nm 400.0 nm 400.0 nm

COX dissolving pulp COX bark CNF

« Aspect ratio ~68 « Aspect ratio ~66 » Aspect ratio ~230
* Major part CNF « Major part CNC
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Light microscopy
COX bark o COX dlssolvmg pulp

Almond oil
(crude oil)

Droplet size: O 4 7 pm
Scale bar: 5 ym

W W S B ﬁﬁﬁg}% Images captured with 10x magnification
% and particle concentration of 1 wt%
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Hexadecane
(pure oil)
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H = AOD1 w = AO D1 m
01 = AOD7 404 = AOD7
= AQ D27 T = AO D27
v v Hex D1 1 v Hex D1
204 v Hex D7 204 & v HexD7
] . v Hex D27 | v Hex D27
0 T T ! ! ! 0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 06 0.8 1.0
Concentration (wt%) Concentration (wt%)
« Higher particle concentration -
more stable emulsion
°

Aspect ratio important
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Concentration (wt%)
a) COX bark
b) COX dissolving pulp
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Emulsmn stablllty centrlfugatlon
100 - g : 28
¥ | = AO
v Hex
+ Particle concentration, aspect ' L e
ratio, and oil purity important o
« For both AO and Hex, CNF mosts :
stable L 40 4 Black — COX bark

. . v Red — COX dissolving pulp
 Emulsion gel formation v v Blue — CNF
Y v AO — Almond oil
20 4 u Hex — Hexadecane

| | |
| ] ]

0 j T T T T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0
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Conclusmn

* Cellulose oxalate - greener processing route

« Spruce bark nanocellulose - sustainable alternative

) Stability affeCted by: Kwan, |.; Rietzler, B.; and EKk, |\/|év 2

« Nanocellulose aspect ratio Koy e (Bioo abiee, btk an
: : dissolving pulp" Holzforschung,
« Particle concentration 2553. h?t%sp:y/dpoi.o(r)q/1%r.s1051us7gf-2022-0191

* Oil phase purity
« Suitable as an emulsifying agent - replacement for
petroleum-based emulsifying agents
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