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1 Background

» International spotlight on lignocellulose-based materials
» Main component (40%- 50%): Cellulose

» Liner polymer linked by 3-1,4-glycosidic bonds
High Strength
Reconstruction

Biocompatibility

Biodegradability

R. J Moon, et al. Chem Soc Rev, 2011, 40, 3941-3994



1 Background

Nanocellulose

Cellulose Microfibrils (CMF)
Cellulose Nanofibrils (CNF)
Cellulose Nanocrystals (CNC)

N Lin, A Dufresne. Eur. Polym. J., 2014., 59, 302-325.



1 Background

> Application of nanocellulose on emerging high-tech field
» Promoting the high-value utilization of lignocellulose

D Klemm, et al. Angew. Chem., 2011, 50, 5438-5466.



Nanocellulose Research in China

M In 2013: Supported by Chinese Ministry of Science and Technology, a project “Preparation
of nanocellulose using mechanical grinding methods and its application in papermaking
process” chaired by China National Pulp and Paper Research Institute was granted.

M In 2015: The project “Environmentally friendly preparation of Nanocellulose and its high

efficient utilization” granted by State Forestry Administration; NMC of CTAPI was established
in Nov.

M In 2016: Annual Meeting of NMC of CTAPI & Academic Symposium held in Guangzhou,
Nov 8.

B In 2017: 15t International Symposium of Nanocellulosic Materials (ISNCM) successfully
held in Hangzhou, China, from May 20-22.

M Projects of National Key Research and Development Program of China.
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2. Superhydrophobic nanocellulose materials



2.1 Superhydrophobic cellulosic nano-paper

Preparation: Vacuum filtration of CNF dispersion and salanization

Mechanism: silanols react with the isolated hydroxyl groups on
TOCNF-P or other silanols

S Chen, F Xu, et al. ACS Sustain. Chem. Eng., 2017, 6(4), 5173-5181.



2.1 Superhydrophobic cellulosic nano-paper

Morphology

Fiber

Paper

Nano-paper

» The regular paper have a significantly rough surface and porous structure
» Nano-paper show dense 3D-network configuration



2.1 Superhydrophobic cellulosic nano-paper

Optical property

» TOCNF-P show both
transmittance and
transmission haze;

> After silanization, H40-
TOCNF-P still retained
a high transmittance
(90.2% at 550 nm) and
high haze (46.5% at
550 nm)



2.1 Superhydrophobic cellulosic nano-paper

Hydrophobicity
» Regular paper is hydrophilic
» TOCNF-P exhibit hydrophobicity due to the tight binding and lamination
» The H10-TOCNF-P after siloxanes show superhydrophobic surfaces with CA 159.6°

Regular Paper TOCNF-P H40-TOCNF-P

CA=0° CA=93.5° CA =159.6°




2.1 Superhydrophobic cellulosic nano-paper

Self-cleaning

» The bounce of water droplet on the surface

» Low adhesion force crucial to self-cleaning applications

» Dust particles were attached to the surface of water droplet and carried away




2.1 Superhydrophobic cellulosic nano-paper

Enhancement of Solar Cell Efficiency
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» Combination of the nano-paper on the surface of solar cells

» significant functions of both light management and self-cleaning

» Simultaneously mitigate the adverse effect of light reflection and dust
accumulation on solar cells

3.0



2.2 Superhydrophobic Nanocellulosic Aerogels

Preparation and Characterization of Nanocellulosic Aerogels

C‘:!L“")Se Oxidized CNF Nanocellulosic
Ibers cellulose suspension aerogels

Freeze
drying

TEMPO Ultrasonic
oxidation treatment

® Micro-fibril cellulose with high aspect ratio (from Soft wood pulp)

® High porosity (2 99.68 %) and low density (< 5.08 mg/cm3)

SK Zhou, F Xu, et al. Prog. Chem., 2014, 26:1752-1762.



2.2 Superhydrophobic Nanocellulosic Aerogels

Preparation

methyltriethoxysilane

v' A facile silanization reaction achieved the fabrication of mechanically

robust aerogels with superhydrophobicity.

SK Zhou, F Xu, et al. ACS Sustain. Chem. Eng., 2016, 4:6409-6416.



2.2 Superhydrophobic Nanocellulosic Aerogels
Morphology

MFCASs HMFCA-1 HMFCA-2 HMECA-3

® The porous structures did not change.
® Some polysiloxane particles with diameters about 200 nm appeared on the
surface of the modified aerogels.

Density, Porosity and
BET Surface Area



2.2 Superhydrophobic Nanocellulosic Aerogels
Chemical Structure

0 (C—H) in silane
v (C—H) in silane Si—CH,

Si-O-S1

A new peak observed in HMFCAs patterns at 26=10.5° , revealed the
formation of polysiloxane particles.



2.2 Superhydrophobic Nanocellulosic Aerogels

Wettability

> Aerogels without modification
exihibit the amphiphilicity

» Aerogels with silanization show
superhydrophobicity and
lipophilicity

Adsorption of organic solvents

» Selective adsorption of gasoline
and 1,2-dichloroethane




2.2 Superhydrophobic Nanocellulosic Aerogels

Comparison of
Various Absorbents
Prepared in the
Published Papers

“X™ high,

“X X" very high,
“v" low,

“VVv” very low.



2.2 Superhydrophobic Nanocellulosic Aerogels

Liquid adsorption
capacity
» Absorption capacities for
various oils and organic

solvents (116-260 times
its own weight).

Reusability
> 30 absorption/
desorption cycles
» Maintaining high
properties after 15 h
leaching

Potential candidates for the separation of oils and organic pollutants from water



2.3 Carbon Aerogels from TEMPO-oxidized CNF

Materials & Methods

-196 °C or
TEMPO-Oxide -56 °C
High Pressure Freeze-dry

Homogenize

Softwood Pulp INNNNNN)  TOocN  EEEEEE)  Aerogel

1000 °C;
N, Atmosphere

Carbon aerogel
M Wang, F Xu, et al. RSC Adv.,2017, 7, 38220



2.3 Carbon Aerogels from TEMPO-oxidized CNF

Structural characterization

» TOCN with average width of 2-5 nm and lengths of up to several micrometer
» TOCN aerogel and carbon aerogel at -196 °C and -56 °C (small pores, sheet-like structure)
> Low density of 5-9 mg cm and the contact angle is 137°



2.3 Carbon Aerogels from TEMPO-oxidized CNF

The speci

T1, C1 ( -196 °C freezing aerogel and carbon aerogel)
T2, C2 ( -56 °C freezing aerogel and carbon aerogel)

Density Porous BET surface area Contact angle
(mg cm?) (%) (m?g?) (°)

99.3310.02
10+0.2 99.33+0.02 - -
8.810.2 99.50£0.02 249.91 139.610.6
5.8+0.1 99.6710.01 161.16 139.310.5

» C1: 3D porous and regular network structure, high specific surface area
» C2: Higher porosity, lower density



2.3 Carbon Aerogels from TEMPO-oxidized CNF

Adsorption capacity

» The sorption capacity of TOCN

carbon aerogels up to 260 g/g > Sorption kinetics of the TOCN carbon aerogel



2.3 Carbon Aerogels from TEMPO-oxidized CNF

Absorption recyclability

» SEM images of TOCN carbon

> Fire-resistance property aerogels after recycling process

> 64% and 87% of the adsorption capacity retained > The pore size and structure were
after 5 cycles for direct combustion and retained after distillation
distillation
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3. Nanocellulose materials for oil-water seperation



3 Aerogels for Water-in-Oil Emulsions Separation
N H

MFC-SiO, hybrid aerogels

~30 nm

MFC

methyltrimethoxysilane

» MTMS: Superhydrophobic modification; form covalent bonds
with both cellulose and silica

» Nano-SiO,: Improved surface area and roughness

Aerogels possessed hierarchical porous structure with high roughness and
low surface energy

SK Zhou, F Xu, et al. ACS Appl. Nano Mater. 2018, 1:2095-2103



3 Aerogels for Water-in-Oil Emulsions Separation

SEM images and pore size distribution |
®The pore systems around 20

um and 50-60 pm were
derived from the pores
formed by the thin sheets;

» High porosity beneficial for adsorption ama

®The pores with diameters
~8 um might stem from the
nanofilaments.

®The pores with diameters
~6-40 nm resulted from the

> Water contact angle increased to 168° silica nanoparticles.
|

Wettability




3 Aerogels for Water-in-Oil Emulsions Separation

Gravity-driven separation of water-in-oil emulsions

Based on the
coalescence and size-

sieving effect

Proposed Separation Mechanism

» The diameter of water in oil are 5-10 um before separation
» The filtrate showed a low water concentration for less than 100 ppm

» Successful separation of oil and water from surfactant-stabilized emulsion



3 Aerogels for Water-in-Oil Emulsions Separation

Separation property

» Separation efficiency up to 99.5%.

» More silica nanoparticles amount
enhance the separation.

» ~129.7 kg of emulsions are separated
by per gram of aerogel.




3 Aerogels for Water-in-Oil Emulsions Separation

Reusability Recycling device

» Applied to separate » Assembled by the obtained
emulsions for 20 cycles, composite aerogel and a self-
maintaining 95% efficiency priming pump

This device made the separation process

simpler, faster, and closer to the practical
applications.
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4. Nanocellulose-based sensors



4.1 Carbon Aerogels for Piezoresistive Sensors

Methods and structure characterization

® Most carbon aerogels are
unable to meet requirements for
compressibility and fatigue
resistance, greatly restricting their
applications as strain sensors.

® The cellulose carbon fibers
are embedded in the graphene
sheets tightly and they act as an average layer spacing
skeleton together to support
the carbon monolith

> Bidirectional freezing method
» GO/TOCN carbon aerogels : regular hierarchical structures with oriented pores.

M Wang, F Xu, et al. Cellulose, 2018, 25(12): 7329-7340.



4.1 Carbon Aerogels for Piezoresistive Sensors

H H GTA : Graphene/TOCN aerogel
StrUCturaI CharaCterlzatlon GTCA: Graphene/TOCN carbon aerogel

> After pyrolysis at 800 °C, TOCN was converted to amorphous carbon and
GO was converted to graphene



4.1 Carbon Aerogels for Piezoresistive Sensors

Mechanical property

» The synergistic action of carbon cellulose and graphene, and highly
consistent lamellar structure endow carbon aerogel with excellent
mechanical properties and anisotropy



4.1 Carbon Aerogels for Piezoresistive Sensors

Piezoresistive property

» Strain-sensitive conductivity: the brightness of a light bulb gradually

turned bright upon the compressive strain while it turned dark upon the
release of the pressure

> Resistance is highly stable in repeated cycle compression



4.1 Carbon Aerogels for Piezoresistive Sensors

Pressure sensor

» Human activity detection: a pedometer and motion sensor are assembled
to detect the number of steps and the state of motion



4.2 Flexible and Anisotropic Cellulosic Crepe Paper

Preparation and Characterization

» Carbonized through thermal treatment under N2 atmosphere
» Encapsulated with polydimethylsiloxane (PDMS)

» The carbonization turns the
color into black

» Carbonized crepe paper
retained wrinkle structure as
well as anisotropic arrangement

S Chen, F Xu, et al., Adv. Funct. Mater. 2018, 28:1802547



4.2 Flexible and Anisotropic cellulosic Crepe Paper

CCP strain sensor in four bending modes: perpendicular tensile
strain (tsl), parallel tensile strain (ts||), perpendicular compressive
strain (csl), and parallel compressive strain (cs||)




4.2 Flexible and Anisotropic cellulosic Crepe Paper

Electromechanical properties

N Tensile strains:
Sensitivity:

> Stable and substantial response to the
cyclic tsL with different strain rates
» Almost no signal to the ts||

» The compression and tension cause
unsymmetrical resistance changes of
the strain sensor



4.2 Flexible and Anisotropic cellulosic Crepe Paper

Working mechanism

» The CCP layer has a well connected conductive network with aligned
carbon fibers and a corrugated surface

» Under strain loading on ts||, the close overlap and contact between the
fibers are still maintained

> The distance between carbon fibers tsL form more discontinuities and
gaps in the conductive network



4.2 Flexible and Anisotropic cellulosic Crepe Paper

Application of the CCP strain sensor in monitoring human wrist bending as a wearable
electronic. A—d) Photograph of the strain sensor fixed on wrist surface with four
different modes by rotating and overturning the sensor. e,f) Photograph of the wrist in
stretching and bending. g,h) Relative resistance change of the CCP strain sensor in
cyclic stretching—bending of wrist.



4.2 Flexible and Anisotropic cellulosic Crepe Paper

Application

» Integrated CCP strain sensor to controlling a 2-degree-of-freedom robot arm

» Virtual robot arm controlled by the integrated CCP strain sensor by tensile bending at
0° ,45° , 90°

> Used to detect body motions as a multi-dimensional wearable electronic device
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