wiO—AF/) 7714/ =&l e

What are cellulose nanofibers?
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Cellulose nanofibers, CNF, are the world’s cutting-edge biomass materials which are made from wood pulp fibers
by our nanotechnologies of our own.

Because of their morphology and characteristic properties, CNF are expected to be used in many applications,

such as filter, high gas-barrier packaging materials, electronics devices, foods, quasi-drugs, cosmetics and
healthcare products, etc.
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Relationship between wood and CNF
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Magnify the image of
the surface of wood fiber.
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Cellulose nanofibers

AR AR DIEIE K920 um RIS BED T/ T 7 A=
1 A wood fiber is approximately 20 um wide. RICESTHEBRINTVET
TAAA Magnify the surface of a wood fiber
1000 and you will find that it consists of a
&3 F v 7L bundle of countless nanofibers.

Logging and chipping

A#F v T ARA M (/XL T)
Wood chips 1 Wood fibers (pulp)
1000
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Pulping: Obtaining wood fibers

Nanofibrillation (miniaturization):
Fibrillation of a bundle of wood fibers
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Wood consists of wood fibers, which consist of CNF, bundles of cellulose molecules. CNF are ultra-fine fibers with high degree of
crystallinity and have superb characteristics that cannot be achieved by synthetic fibers.
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Characteristics of TEMPO-oxidized cellulose nanofibers
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TEMPO oxidized cellulose nanofibers, CNF, are produced through the selective oxidation of the C6 primary hydroxy group in cellulose to
carboxylate group by TEMPO catalyst followed by successive mechanical treatments.

This type of CNF has many characteristics.

A research group led by Professor Isogai of The University of Tokyo discovered TEMPO oxidation process for CNF.

TEMPOR 5 EE 1L
TEMPO catalyst oxidation TEMPOR % i g
2,2,6,6-ThIXFINEXRYDZ)L-
CH-0H 1-AF25TH COONa
0 TEMPO catalyst o
2,2,6,6-tetramethylpiperidinyl- o)
0 1-oxy radical M 0
OH OH

OH # OH

TEMPOEILCNFOF R
Characteristics of TEMPO-oxidized CNF

o ¥ — AR (F93nm) TRe ./ SR L/ T I .
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® CNF are completely dispersed ultra-fine fibers with a uniform width of approximately 3 nm in water.

® CNF dispersion is colorless and transparent without any reflection and scattering of light because the fibers width of CNF is smaller than
wavelengths of visible light and CNF are dispersed uniformly in water.

® | ight and high-strength fibers

TEMPO oxidized CNF have high elastic moduli similar to an aramid fiber, which is known for its high strength (approx. 138 GPa).
Thermal expansion of TEMPO-oxidized CNF film is as low as that of a glass fiber (2.7 ppm/K).
High degree of crystallinity

® Due to strong hydrogen bonding, the dense CNF membrane shows a high degree of oxygen-barrier properties.
® CNF dispersed in water show characteristic rheological behavior in an effort to form a three-dimensional network.

TEMPOEE{LCNFDY > 7IL—E List of samples of TEMPO-oxidized CNF
Y TIE

Sample name TC—01A TC—02X
B
Solid c:)ntent 1% 3% 5%
KED 1 %EEDREE
pH 55~8.5 55~85 55~85 *Viscosity at 1% solids
COOHZ & (mmol/g) content
=(mmol/g ~ ~ ~
COOH content (mmol/g) 1.3~1.6 1.3~1.6 1.3~1.6 AR ATy
BE#EE (60rpm mPa-s) * - - 30LLF RRETEHVELA
Broc:;ieldxviscosity (60rpm mPa-s)* 2000~6000 2000~6000 30 or less = .
**Data are representative
e Rz 17 Rt~ BHERTT values and are not
Remarks Long fiber grade Long fiber grade Short fiber grade specific.
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Characteristics of carboxymethylated cellulose nanofibers

T O—AD1#Rk. 28RKERE (2. 3. 6fi) ZERICHILAF I XFILL(CML) LU WY ICERB L ZCMILELO—RAF/ T 741
N—(CNF) 34 B REHALTCVET.

Carboxymethylated cellulose nanofibers (CNF) have various characteristics. They can be produced by arbitrary carboxymethylation of the
primary and secondary hydroxy group of cellulose (C2,C3.C6) and successive mechanical fibrillation.

FIVKRFIAFIVAE
Carboxymethylation
CH=0H CH,0R
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Characteristics of carboxymethylated CNF

e Hnm~HENMDTO— N RHHIEZ O DMHMETT .
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® Carboxymethylated CNF is microfibrillated cellulose with fiber widths of several to dozens of nanometers.

® Carboxymethylated CNF are available for use in food additives since they have the same chemical structure as that of carboxymethyl
cellulose (CMC, a food additive).

® Light and high-strength fibers

Carboxymethylated CNF have high elastic moduli similar to an aramid fiber, which is known for its high strength (approx, 138GPa).
Thermal expansion of CNF film is as low as that of a glass fiber (2.7ppm/K).
High degree of crystallinity

® Due to strong hydrogen bonding, the dense CNF membrane shows a high degree of oxygen-barrier properties.
® CNF dispersed in water show characteristic rheological behavior in an effort to form a three-dimensional network.

CMILCNF®DY > FIL—E List of samples of carboxymethylated CNF

Y TIN%
Sample name CS-01 CS-01C
B9 90%L 90%L XEH 1 %EEDIEE
Solid content 90% and above 90% and above Vi . o .
iscosity at 1% solids
content
pH 6.5~8.5 6.5~8.5

- XXT—RIIKKRMETHY
BEF45E (60rpm mPa-s)*

Brookfield viscosity (60rpm mPa-s)* 300~1000 300~1000 RIEETEBYSEA
**Data are representative
faZ WEEA 7 WiEEA7 values and are not

Remarks Powder grade Powder grade specific.
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Development of cellulose nanofiber reinforced plastic

TNO—RF/TF7AN—=%R)TOAELRRUIF LU FAOVEREDBBEADRRTHIEICKY BEESRELLT.BF)
H-EZM - RELBEDRF TOFAPPFINTOET,

Mixing cellulose nanofibers into plastic such as polypropylene,polyethylene and nylon strengthens the plastic. This is expected to have
application for industries such as automobiles, building materials and home appliances.

CNF#{LBiEDY R

Characteristics of CNF reinforced plastic

o fifs & DI M Z 15 LA=BRIKIL /L T Z il E R RS ICRBIRE (SOARUR R T 2R 70X (NEDOZOY =7 hCTHHE) 2N—A&
LIeBhEE.

¢ CNF10%Ee & 7 O #5134 S A fiE (GF) 20% R S ERFEE.

e CNFIZGFICHEANEE (RBE) .~ T U7 UYL OE TEAL. (GF:2.68/cr, CNF:1.5g/cni)

® The method for manufacturing CNF-reinforced plastic is based on the Kyoto Process (developed in the NEDO Project) in which the
hydrophobized pulp, provided with an affinity for plastic, is simultaneously defibrated and mixed into plastic.

o Strength of nylon with 10% CNF is comparable to the one with 20% glass fiber (GF).

® CNF is superior to GF in terms of lightness in weight (low density) and material recycling.(GF: 2.6g/cm,CNF: 1.5g/cri)

ER7K1E TR AR AR A
Hydrophobization ' Defibration and
mixing into plastic
BRIV Bk VT CNF3& L i
Pulp Hydrophobized pulp CNF10~30%e&

CNF reinforced plastic
includes10 - 30% CNF

CNF#{LBiiEDF % (NEDOZ7OP 1Y )
Properties of CNF reinforced plastic (NEDO Project*)

200 - o CNFTIRE{EL
= > ’ The strength unchanges in CNF
o — % 1
= 150 5
55 2 08
o <100 8
S8 g 06 GFTIHET
1 g 04 The strength degrade in GF
@ £ 50 S
s R *GFPP € CNF20%/HDPE
T c B 02
#H @ &
0 T T T E 0
PA6MD & CNF10%/PA6 GF20%/PA6 GF30%/PA6 RO R1 R2 R3
No compounding ##v)IRLE  Frequency of repetition
FA OV BE DO/ TR L #BYR U (B — R SER TD5RIAE
Bending strength of nylon Tensile strength in a repetition (molding — breaking) test

[FERRMEYBFCZEE T O AFMERE S J/ I 0—RF/) T74N\—DO—EB8E 7O A EERMH L iTRI%
http://www.nedo.go.jp/news/press/AA5_100536.html

*'Development of Manufacturing Processes for Chemical Products Derived from Non-edible Plants / Development of the Technology for the Continuous Production Process of Ligno
Cellulose Nanofibers and Their Applications for the Structural Members" http://www.nedo.go.jp/news/press/AA5_100536.html (Japanese)
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Rheological behavior of cellulose nanofibers

Sz

CELLULOSE NANOFIBER

Nippon Paper Industries

TIVA—RF/T7AN—=(CNF)IZKPIZHHTDEIRTMEBEZH R L L A0 —ZEEZRLET.
ZD/=H B& it EERN M RE LA M BRI AR 2O IRARRE THRIN DB L EDFREEMRNT &

LTHRATAHZENERETT,

When dispersed underwater, cellulose nanofibers (CNF) form a three-dimensional network and show characteristic rheological behavior.
For this reason, CNF can be used in foods, cosmetics, quasi-drugs, agricultural chemicals, civil engineering, building materials,
papermaking, feed and functional additives such as thickeners for other industrial applications.

RECBREEORE R

Relationship between concentration and Brookfield viscosity

FREREDY > 7V ERE L HTE%ICBERAEE % RITE (25C.30rpm)

Brookfield viscosity is determined immediately after a sample of a specified
concentration is prepared and stirred (25°, 30 rpm).

L AaidddéB
1.E+04
1.E+03
1.E+02

1.E+01

*FE (mPa+s) Viscosity (mPa-s)

1.E+00

0.2 0.4 0.6 0.8 1 1.2
% Concentration (%)

BEREPT 7AN—HIREBEICHIHTHIET
DT M O—ILDEEETT

Viscosity can be controlled by precisely controlling the manufacturing
condition and fiber morphology.

F¥+/ hOE—MHEIE Thixotropic nature

TYEEEHEORE R

Relationship between shear rate and viscosity

FTUREZZLSEROBEZRE (30T RE1%)

Viscosity is measured with different share rate (30°,

1.E+07 |-

1.E+06 |-

1.E+05 |-

1.E+04 |

1.E+03 |-

#FE (mPa+s) Viscosity (mPa-s)

1.E+02

1% concentration).

0.0001 0.001  0.01 0.1

10 100

FVEE(1/s) Shear rate (1/s)

HELET,

CNFZFTUZREEDEWRETHERICH L EZE

CNF show very high viscosity at a low shear rate.

FHY hOE—HEE CAMBHEZTRIIBEREMET URIRICEY FRIETE EHENER L TEFRICEZHETY.

A substance with a thixotropic nature becomes less viscous when it is continually appl
stops, the substance becomes more viscous.

ER IR AR
Static state
CAERO7T [
7#_»;& 1.E+06
1.E+05
\)xk%
\-\ 1_E+04_1,~”'/'/'<
1.E+03
2y hT— o 1.E+02

WL MELR
A network structure is

formed and viscosity
increases.

BAMIEH
N — (FYUEE) — X
Shear stress
(Shear rate)

Small Large

BEAEE BARUEGRET NI ATIXTTUTIEERERE NI4T TUTIL

Inquiries

0.00010.001 0.01 0.1 1 10 100

ied to shear stress. When the shear stress

MEIKRE

Fluid state

Xy T —UtEED
RIRSh KERT
The network structure is

destroyed and viscosity
decreases.
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___ TEMPOE{ECNF(TC-01A)

TEMPO oxidized CNF(TC-01A)

___ TEMPOB{ECNF(TC-02X)

TEMPO oxidized CNF(TC-02X)

___ CM{ECNF

carboxymethylated CNF
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Suspension stability of cellulose nanofibers

TIA—RAF/ T7A/N—(CNF)IFKARICHET B EIRTHEBEZ KL BT EREDHSEDIEDAETT .
FD7=H B Lt EEEBI A BRSE. RE. DA B4 85K AR, 2O TERRKRE T HRARBEN T (SRR HER
E)VERMBRENSIEDZIEDNTEET,

When dispersed in water, cellulose nanofibers (CNF) can form a three-dimensional network and stably suspend the particles inside.

For this reason, CNF can stably suspend various kinds of particles (e.g., pigments, oil droplets) in foods, cosmetics, quasi-drugs, daily
necessities, agricultural chemicals, civil engineering, building materials, papermaking, animal feed and other industrial applications.

BAREN HALRENE

Suspension stability Emulsion stability

~HED 5B~

Dispersion of oil droplets

~REHIV I LD~

Suspension of calcium carbonate

K.H:70/30
Water/oil: 70/30

AINF:0.5%

REEHIV T 2%
Calcium carbonate: 2%

ZHNEI:0.3%

CNF: 0.3% CNF: 0.5%
n a0 n AN
No additive No additive

> CM{ECNF(CS-01)

D) CM{ECNF(CS-01)
Carboxymethylated cellulose nanofibers (CS-01)

Carboxymethylated cellulose nanofibers (CS-01)

Inquiries

M 1000rpm X 1min
Stirring condition: 1,000 rpm x 1 minutes

BER:7THEORE

Photograph:State after seven days

e :3000rpm X 3min

Stirring condition: 3,000 rpm x 3 minutes

BER:7THEORKE

Photograph:State after seven days
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Sophistication using a carboxy group on surfaces of
TEMPO-oxidized cellulose nanofibers

CELLULOSE NANOFIBER

Nippon Paper Industries

TEMPOB LIV O—RF) 77475 (CNF) & F) 77 AN —REICH IR+ S BB HE TRAMICESI LT BB e
BTEET,

TEMPO-oxidized cellulose nanofibers (CNF) can be highly functionalized because they have high dense carboxylate group density with
regular arrangement on the surfaces of nanofibers.

R/ WTF1BFF

Supporting metal nanoparticles

B RZEDD A ZF AL T. TEMPOB{LCNFRED I ARF S EICER T/ M FEMESEDIENTRETT .

B RGEDERS/ MFIMEEREZTRT IEPHMOENTEY AEMTHLLEERT/ NTFOMBEEREZRT IEPRE
TNTWET,

B AREMERAVWDZET AEGHROK D LHEENEZE LIcAMEECNFPRETEET .,
HAMAZ - JLRBIRAIRAS - HEHEBHSH IS

m With the use of technological seeds from a university*, it is possible to precipitate metal nanoparticles supported by the carboxy group on
the surfaces of TEMPO-oxidized CNF.

m Metal nanoparticles of gold, silver and other metals are known to show catalytic effects. It has been reported that the metal nanoparticles
precipitated in this technology also have catalytic effects.

B Using this technology, sophisticated CNF with antibacterial, deodorizing and other properties can be manufactured.

(*Developed by Professor Kitaoka of Kyushu University, Mr. Koga, specially appointed assistant professor at Osaka University et al.)
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A& Examples of use

BT 2—FBEH  Deodorants for filters

MEMTSE Antibacterial products

B XA Exhaust gas purification materials

bR R SRR Chemical catalysts
EEBOERE

& (Au) 3R (Ag). B (P). #% (Fe) . B $A (Zn) . 3R (Cu) &

Types of metal

Koga et al., Chem. commun. (2010)

Gold (Au), silver (Ag), platinum (Pt), iron (Fe), zinc (Zn), copper (Cu), etc.
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