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= Whiskers — short

= Crystalline

= Chemical process,
acid hydrolysis

= Self assembly possible

= Defined rheology

Nanocrystaline cellulose (CNC)
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Structure-function relationships
Characterisation Bacterial cellulose
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Note: Industrial deployment CNF: natural and renewable
« Creamy, viscous gel
« High strength and modulus

Homogenization
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Papermaking

Denser papers -> OD 1-3%-higher after press section
and 20-30% lower porosity

= No changes in formation or retention !
» Tensile strength (~8g/m? basis weight reduction) and TS ol
elastic modulus increase i

30

Bending stiffness remains the same
Opacity ~4%-units lower

Papercoating
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SEM x50 SE images from uncalendered paper surfaces
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Thin layer of NFC on the paper, below 1 g/m?2 ) glasis welght / g/m2

Increased
strength without
compromising
dewatering

VTT_D-0387 11.4mm x5 2712 1 VTT_D-0397 11.6mm x50 SE 8/30/2

Base paper CNF coated paper

I. Kajanto and M. Kosonen, UPM - 2012 TAPPI International Conference on Nanotechnology for Renewable Materials
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Nanofibrillated cellulose film (large scale production)

Patent pending technology e.g. W02013/060934

/er approach
Polyolefins (PE, PP) for moisture
~ Dbarrier,
~ . EVOH, PVOH, nylon to improve oxygen
barrier, and
 aluminum films for high barrier
applications.

Multi
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Jin et al. Langmuir 2011, 27, 1930.

Other applications

Aerogels
Composite material

Rheology modifier ———

Emulsion stabilizer ¢ E Erom=(E /06 o

3D printing
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Lignin-containing
nahocellulose -

Visco-elasticity

Higher yield
Lower production costs
Lower environmental impact

Lignin can adjust cellulose polarity and hydrophilicity

03/12/2015 ISWFPC Vienna, September 11, 2015 10
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AVAP® (American Value Added Pulping) A VIT
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« Kraft pulp mill: 50-60% of the wood is burned for Energy and chemical
recovery

AVAP® utilizes SO2-EtOH-water cooking technology

1) Pulp

2) Volatile cooking chemicals are stripped and reused

3) Lignosulfonates are precipitated and burned (Energy)

4) Sugar rich solution is fermented (22.6M Ga/bioethanol/year)

« Ethanol processing occurs concurrently with pulping: heat and chemical
iInput are split between the two products, without sacrificing the yield of
each product

« Additional components are obtained

03/12/2015 ) 11
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LCNF and nanopapers manufacture

ol of Science

SO2-EtOH-H20 —— Microfluidizer

(SEW *) G
0,2,4and 14% L 6 passes >
1. Filtration

| 2. Cold press
*American Process Inc,
AVAP® (American Value Added Pulping) 3. Hot press

03/12/2015 12
Rojo et al. Green Chem., 2015, 17, 1853




sar

Lower energy consumption for LCNF production was reported
K. L. Spence et al, Cellulose, 2010, 17, 835 and Cellulose, 2011, 18, 1097.
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d Globular-shape lignin nanoparticles
within the fibrils

Diameter
(nm)

Reference 44 + 3
2L 25+ 1
4L 20 + 2
14L 16 + 2

O Smaller fibril diameter with higher
lignin content
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Morphological investigation (AFM&SEM) Al /o ar

Aalto University
School of Science

[ Consolidated
structures

L More pronounced
laminar structure

d Lower roughness

AFM roughness:

SEM » Reference ->17.1 nm

e 14% -> 8.6 nm
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Mechanical properties
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TBW (-35-30°C)
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Static water contact angle and surface energy Al /g7

| Acid-base theory ‘

(1+cost) -yyp = 2- (JVLW, e +JV‘, AP +Jy+, 'V'S)
0%L
35.7°
4%L
61.8°

*/VCA increases ~ 40°

14 %L Wlth l,gnm

Contact angle (°) of different nanopapers

Liquid Reference 2L 4L 14L
Water 35 49 61 78
Formamide 15 16 21 36
Diiodomethane 20 29 31 34
Ethylene glycol 18 13 20 34

“Standard deviation of the contact angle values was less than 2°.
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School of Science

rIEJI i r_].'I.-".-' r_.f\.H- Ir_— r_' r_—llnlr_' -I':'I-Gil-.];.\,.'l-.
Test liguids
Water 72.8 21.8 3l 25.5 25.5
Formamide 58 39 19 39.6  2.28
Diiodomethane  50.8 508 0 0 0
Ethylene glycol 48 29 19 7 1.9
Nanopaper
Reference 32.6 48. 4 40.2 0.1 400 13.8
2L 53.9 45.5 8.5 24 0.7 a2 =11.0
4L 22.3 44.5 7.8 11.8 1.3 9 —=33.3
141 46.7 43.2 3.5 2.3 1.4 2 —b2.2
Tt =y fur| the test liquids and y'”" = y, for the nanopapers.

Surface

energy decreases
with lignin

(reduction of base
component)

Hydrophobi

ity increased 6-

fold with highest lignin
content

“hydrophobic”™ vs “hydrophilic”

Rojo et al. Green Chem., 2015, 17, 1853



RWA (%)

Relative water absorption capacity (RWAC)*
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Hypothesis
a) s
) & Fibrillation: Detaching of lignin
{ o nanoparticles (NPs) from- and
v o adherence to- CNF in suspension
~
b) .
X Filtering: lignin starts filling some
al ';::-‘ y voids between the fibers
W
Pressing (100 °C@220 bar):
Cellulosic fiber |Igﬂ|n softening and
o 48 Lignin ' completely filling voids

03/12/2015 20

Rojo et al. Green Chem., 2015, 17, 1853



A! ) _flm

Aalto Universi

Summary

flration Reduces
roughness

77 N

Impairs O, Competitive
transmission at low mechanical
RH properties

Reduces water Reduces size and

absorption number of
capacity micropores
\ Reduces
Increases WCA and r'lncrease.s surface
hydrophobicity (Vi’/?:tgge:r:z energy (base

chemical “ component)
eterogeneity
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CAN CELLULOSE REALLY REPLACE PLASTICS IN AN

ECONOMICALLY FEASIBLE MANNER?




Muchas gracias!!!

Maria Soledad Peresin
soledad.peresin@vtt.fi
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CONGRESO IBEROAMERICANO
DE INVESTIGACION EN CELULOSA Y PAPEL ( \l’\./\.
Y

CIADICYP ..

IBEROAMERICAN CONGRESS ON PULP AND PAPER RESEARCH PROVALOR
CYTED

IX IBERO-AMERICAN CONGRESS ON PULP AND PAPER RESEARCH - CIADICYP 2016

Under the theme: "Building bridges in research and innovation for sustainable bioeconomy", the IX |bero-American
Conference on Pulp and Paper Research, CIADICYP 2016 will be held in FINLAND, on September 25-28, 2016.

The call for papers will open soon.

Comité Organizador Local (Local organizing committee):

Orlando Rojas, Aalto University, Chairperson: orlando.rojas@aalto fi
Soledad Peresin, VTT: soledad.peresin@vit.fi E '

O

Jan Gustafsson, Abo Akademi University: jgustafs@abo.fi

Pedro Fardim, Abo Akademi University: pfardim@abo.fi 'w_ = /%

School of Chemical  Abo Akademi
Technology

IX CONGRESO IBERO-AMERICANO DE INVESTIGACION EN CELULOSA Y PAPEL - CIADICYP 2016

Bajo el lema: "Construyendo puentes en investigacion e innovacién para la bioeconomia sostenible", el X
Congreso Ibero-Americano de Investigacion en Celulosa y Papel, CIADICYP 2016 se realizara en FINLANDIA, del 25 a
28 septiembre 2016.



biopolymers
hemicelluloses xylan
oligomers cellulose

functional fibres
biocomposites
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Workshop on Insights and Strategies Towards a Bio-Based Economy

22-25 Nov, 2016. URUGUAY
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http://is2016.com/
email: contact@is2016.com




