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Report on 2015 Commissioned Feasibility Study of Low-Carbon Cellulose Nanofiber Application
Development in Regional Japan

Summary
As part of this project, aimed at promoting the utilization of cellulose nanofiber (CNF), which is a
plant-derived carbon-neutral eco material, we carried out resource mining in Mie Prefecture and
conducted a survey on the development of applications to help shape a low-carbon society.

Mie Prefecture extends over a large distance from north to south, enjoys a relatively warm climate,
and has thriving agriculture, forestry, and fisheries industries. The prefecture is also a major industrial
center. In terms of the shipment value of industrial products, it ranks as one of Japan’s leading
prefectures. Along its northern coast, centered around a petrochemical complex, there are industries
producing many kinds of parts and materials, while inland areas feature major centers of mass
production of finished products such as automobiles and electronic equipment by large companies.
There is also a wide variety of small and medium-sized enterprises (SMES) supporting the bigger
industries.

Thus, in addition to examining policies to promote the utilization of this wealth of agricultural,
forestry, and fisheries resources as raw materials for CNF, we explored the potential for the
development of CNF applications, by investigating fields in which the R&D capabilities of large
companies and the manufacturing prowess of SMEs can make use of CNF for technologically
advanced parts and materials.

Through the regional resource survey, the study of regional models, and the establishment of a
region-wide network, we examined the potential for widespread use of CNF in the Mie region, in the
form of mechanically processed CNF, which is suitable for producing resins, or TEMPO-oxidized
cellulose nanofiber (TOCN), which is suitable for the manufacture of advanced parts and materials.

The survey on application development focused on applications for the TOCN developed by the
Isogai Group at The University of Tokyo. TOCN can be produced by TEMPO-catalyzed oxidization
of wood-based cellulose in a high-temperature, high-pressure aqueous medium, which results in a
high yield of highly crystalline, high-aspect-ratio nanofibers with a uniform width of approximately
4 nm. It can potentially be used for high-performance films and high-technology parts and materials,
e.g., for electronic devices. In light of this, the project focused largely on TOCN.

Pulp from conifers is widely used as a raw material for CNF, but since Mie Prefecture is blessed
with a wealth of agriculture, forestry, and fisheries resources, we conducted a survey of the potential
of woody biomass such as forestry offcuts, timber from forest thinning, and bamboo; biomass from
agricultural residues such as rice straw and rice husks; grassy biomass such as bamboo grass and
Japanese pampas grass; and seaweed biomass such as brown algae, as raw materials for CNF and for
the establishment of a CNF supply chain in Mie Prefecture.
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We conducted the survey based on guidelines such as “Estimating Reserves and Quantities of
Effectively Usable Biomass” by the New Energy and Industrial Technology Development
Organization (NEDO), and on the basis of the results we estimated the potential of these resources as
raw materials for CNF.

Specifically, for different resources we evaluated reserves, usable quantity, distribution, cost, and
stability, and also made an overall assessment. To get an idea of the scale of CNF production, the
current level of production is 50 tons, but this is expected to grow to between 600 and 900 tons by
2020. For reserves and usable quantity, each type of biomass was judged to be a potential CNF raw
material if 1% of the maximum annual production of CNF from the biomass exceeded 1,000 tons.
The distribution of biomass resources was evaluated from the distribution conditions for each
municipality within Mie Prefecture, while the cost was evaluated from the results of a study on the
costs of yarding and processing the raw material, as well as other associated costs. Stability was
assessed from the viewpoint of industrial raw material use by manufacturers, in terms of variation in
quality due to season (as a natural resource) and area of production, and variation in yield.

The survey results showed that bamboo, rice straw, and Japanese pampas grass, all of which are
readily available as natural resources in Mie Prefecture, offer good biomass reserves. In terms of
usable quantity, Japanese pampas grass is particularly good. However, since these resources require
the development of a means of yarding and processing technology, they cannot be considered
superior to paper pulp in terms of cost.

On the other hand, for timber offcuts and timber from forest thinning, which are being used
increasingly for producing bioethanol, reserves are expected to remain steady, but the effectively
usable quantity is low, at just 6% of reserves. The rate for lumber waste, approximately 5%, is
similarly low. Although the potential is small in terms of quantity, the systems and technology for
yarding, processing, and use are already in place, and this represents an important cost advantage. So
in the short term these biomass resources are well suited for use in CNF production.

For seaweed resources, Mie is blessed with a long marine coastline, and seaweed is distributed over a
wide area. There is also a flourishing seaweed cultivation industry. Green algae, which is easy to
harvest, is particularly abundant, so it could be used as a resource. As a characteristic resource of the
region, it would be a desirable option. Seaweed-derived cellulose tends to have a large crystal width,
but if applications that can make use of it are developed, along with suitable industrial production
technology, seaweed has the potential to become a high value-added resource.

The survey of application development focused on high-technology parts and materials made of
TOCN. More specifically, the survey targeted the fields of thermal-insulation materials, fuel cells, air
filters, and high-performance films.

In the field of thermal insulation materials, aerogels made from TOCN were studied as a possible
substitute for the porous materials that are currently used as highly insulating materials. The results
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verified that TOCN aerogels are better insulators than current urethane foam and styrofoam products.
However, while the market for insulating materials for housing and other uses is very large, cost
competition with other materials is severe. Thus, before aerogels can be used for this kind of
industrial application, it will be necessary to reduce their cost, by simplifying the aerogel production
process.

In the field of fuel cells, we examined the application of TOCN to hydrogen permeable
membranes for high-efficiency hydrogen production systems to promote a low-carbon society. The
results showed that hydrogen permeable films do not offer a performance superior to conventional
noble metal films. However, since gas permeability has been identified as one of TOCN’s key
features, TOCN can potentially be used as a material for the development of various new
applications.

In the field of air filters, we examined the use of TOCN in high-performance filters made of fiber
assemblies such as nonwoven fabrics and yarns. The results confirmed that TOCN can be used to
produce electrospun nonwoven fabrics and filament yarns. We also discovered that it can be
combined with a substrate to make high-performance products such as high-efficiency particulate air
(HEPA) filters.

In the field of high-performance films, we examined the use of CNF for transparent films and
films for catalyst support of nanoparticles (metal oxides) and rare earth elements. We found that
CNF can potentially be used for transparent, flexible wavelength-conversion films, to serve as
catalyst supports for metal oxides in promising applications such as in vegetable factories.

As a network for collaboration between industries in Mie Prefecture, we established the Mie
Cellulose Nanofiber Council. A total of 71 organizations, both inside and outside of Mie Prefecture,
have joined the group, thereby forming a wide-area network. The group will also pursue
collaborations with universities, and with the participation of 11 institutions, a platform has been
established for industry-academia-government joint projects.

This ongoing effort to promote the implementation and commercialization of CNF in the Mie
region is set to continue.
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(10)FZABX 86.4 7T FAHE
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OISR KREFR RRIHR 6,267 50% 31,335 A
IR BER NEFR YR 4,086 50% 20,430 A
v a NEHR KFHR 12,376 50% 61,880 YA\
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TELT7 TV r— g ATMEE L Eboi, BRI, BB LD Bt OBLE 0 |
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3.2.2 EREMI D EFODFHERBERICAEY 4 CO2 HIBENEH

WA B ORPRIBARE Tl 16K, RIS AR e LCiE, Y R Vg
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Selective Permeation of Hydrogen Gas Using Cellulose Nanofibril Film,
H.Fukuzumi et.al., Biomacromolecules, 14, p.1705-1709(2013)
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Ultraselective Gas Separation by Nanoporous Metal-Organic Framewaorks
Embedded in Gas Barrier Nanocellulose Films, M.Matsumoto and T.Kitaoka,
Department of Agro-Enviromental Sciences, Graduate School of Bioresource and
Bioenviromental Sciences, Kyushu University, Adv.Mater.2015
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& LT, 4.0g x 30000kW = 120kg-Pd/ =& 722 (UK 3-2-5), Pd ARKIZELR 325 CO2
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3-2-3  M.Matsumoto and T.Kitaoka, Ultraselective Gas Separation by Nanoporous
Metal-Organic Framewaorks Embedded in Gas Barrier Nanocellulose Films,
Department of Agro-Enviromental Sciences, Graduate School of Bioresource and
Bioenviromental Sciences, Kyushu University, Adv.Mater. (2015)
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) BERWANIOR | AR, RIEFAE, ZEBRER, fiber MOEEEMER E OfilliEIAN
W VR, HERIOBEITINZ., 7 4 V2 —& LTOFRIHT
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CNF [TERIMRITHINDY, AT AUV By MERENH 2 O THRFEE LT CNF &~
— M S 72541 CNF O UV B IR E 72 572w, ZORIHATHIUL, R
Ua—LBRENDT, “AbREIHZR B TE D,

NEZHID,

H—R o A—T—Enra—ADH—R AT OWTILFEIZE L7503 6 5, 2500°C
TARLBEE T D & RALTE T BRIEEN D Z L2 T 2720 Bk E F—7T& 5,
R BEIIRE <, BZELLEBEMNH 7= L5, FREIC, CNF THLEEMETE 20T
IRV Bbns, 72770, BV X DR ZIED LTSRN LETH D,

FIFAFFEE OB L v — ZAE BHEO FRAEE . AF7ERCRITN 3-4-1 D L1,

UV-IR 70t (72) ORI R AL BELURIE R AR A
JEITRRHMAE & Wi (Elo—2) %o
TSRS

3-4-1 PHFMIIEEE O SLRILE T
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[FAASE] « BRI PESE R e E i v & — TR RKIE Figl 1K
(2]

SR R PE S AN A S e AT 2 o 7 — X KT O OB (RSB ) A {RA
LTRY, ABOEREM O L S 25, Z ORI e~k L TR,
R 50 HHRREE (LM ) OFIAR® 5, BRNAAOEFIT, 1ZE 50 : 50 TH D,

BRI D/ UL« #E - AN LA S A T L&A K 5,000 /B, 214 4, #J 10,000 AD
Fp, ARPEEITUE 4 BCRA T, BRENISAR CRATE 720y, BERICER 2 147
DR 7p o7z, FHIE, BERICEREIKFMEZR LN Z EITERT L D2 &, #K]
PFEHIL, —RATHLEEIBLTWA L IITEONTWDN, B s, 77y T EDR
FHEE ISR S TR, A== LTORMLUSCIEIA<IER ST Y, CNF
FBEBIC YW T H & —lE THFZEBIR L T\ 5,

a2 —IMELES KOV L a — RIS OMFFEEE RS L OVSERRIEE X 3-4-2 D E R,

s —sME ZHINT A DR % H BT O L
3-4-2  FIRVLHRPE DA o # — DIMBlE KO 2R SR

A - BB RS T LB AT7 A T%F Pl e #esde

(]

BIE, F /SR O¥ AR CREEEE L Tera—2 &2 flio TN D, ¥4tk
BRCCRERR LT3 e, $5ARTS L COI—RU) 0> TLE 923, Bm—Z T Eayfs
B CRERT 2D TR E DT &, CNF 24518 & UTHE 5 35a, sdE72 0 CldlEffdh &
DEFULITEE LV, CNF BE N T YA XTHDH Z L b F ) SR O AN TE % ke
PEZHIRE L2V, BT SR O A RN FTRE L ZeduX, BEfFO'/L a8 — R 8AENC
RTHEMNERDHD EEZOND, HREICETH e T U 7RI TO L0,
O TR « Bl u—ZAMEHHkTH 5 2 0D, AR EE TIER Dy, 58

SRR NT ZX T K7D T, A AT ADEEEM & UTRIARETE 5 LB

rmEEZLND,

ORBGEREN T REBEOERIC BT D 5l « KRFEOHRR DT, BSAbi&EORETHF
FERRDEE Y ER-oTnD, bHAA, FEKFETHHERE L TW\D, Zositk
F I AEDMEL 72 DT ) oy AR EIEEA 72 £ T CNF XA L b b,

OFA T7HA T2 AFETIIT DHEA A AR R TEE LT, T/ 3OeRnsE
HINTW5D, ZO0EM T CNF 23 T 2 a[ethnd 5,

OB ¥ U TR : EEGEM, W B LC CNFITAZE TRV, b E b SR T,
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W AN D DT, BB TIEAR WO DRIV IRDMER TE 5 JREMEN H 5,
Mgk IMEL e a3 L OFERRIEE 13X 83-4-3 D L BV Th 5, mEBERF I 10 KUE T 2,000
FEE COBERAREETH D, B—BEFIX,. B —F— 6D SiC THks v, #+
NPT 725> TNDED T, 2D EITE v 2 —+ P TV E@NTERT 5, FFEINEYR L,
A A—UIFTHLDNFNEL)—ICHRITEX 5 Z LRI TH D,

BT LR B AR BT

YR A INEF
3-4-3 B RFOIMELIS IOV AATFEEE D 272 SR

[FAfSE] - SR PR PR TIER  SErpiE Bd% &l #5E IK
(]
IR 7 a— R (Scell) ZEFMELTEY, SEIERMAEZAL
TWDZEnD, BT V7 LIRS, LTO LR mEES,
 S-cell ICEREREE L TERMIRA LB ST 5 2 & THIMEIZBFE L T D,
- B LT RIS MO R BB Fm LA N & LTWD  (BY 2 —/VITAE
AR
TN — AN B6 AL, E T SN A DR e —AIIn T 4 T Y ERD,
- TEMPO filfe{t, CNF [ X4 VR % 2Lk & e l- OMMEWENS 5,
- CNF Ok e LT, [TRIAL <o Tl NAELEIEEE 2 T D,
cBUKET DA X L RITR TR, BUKIERZED LIRS —,
- BOKIKICI D72 6 B BRI 2RO Y 7= 2GR T L, U 7 =00F, —
ERBAKIE L TNDDT, ZNEIEDT L0,
- TEMPO fitliifi{t. CNF (BB G) Efi#f CNF (REFG) 1&, 1 XEFEFICRER S
7= (1996 4ELH)
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- TEMPO fitlfifi{bix, b b7 7B CTH Y . HIFBEIZER L <2y,
BRI B (20) ABLE] #iffE LT vi=oa (A) 2kla—RIZAR
TBRZUGE LT H 2 3R S8, TEMPO BR{VEREAT 2 L T-#dk T 5,

- CNF 3B RS L T/ A X0 T, AL B TONDFREIENS 2N E R
TT 4 v IREHITEHE LN EE TN D,
MamsHEL, F7EEEd JOVERREE TN 3-4-4 DL B TH D,

AT VA RTA Y — SR (JASCO HY) NMR (400MHz)
X 3-4-4 =EPHFSEER O FBE /2 FERRER

A - SEURPEER T % — BT - AREEMIIgTET BHREME SFH B3 K
(]
FHEICE TV Lima Ay Mi, BTOEEBY ThHD,

- CNF OBFICE L T, BERIIHMNEE TH D20, 1 AN THETY, SHE
e ixl:, MEMOBENH o722, B CIIBEIE L, 7=77L, B =L LT
H—2F ) 7 7 A SN—EEIIFIMA L TV D,

- BRI L, KA THICEFRE @ L T D, BEEREIZ= L7 FaT R R
BRI H DT, CNF O IS IMIED T3 R RE K> TnD, BEE
FiE S RIR07205, RINEEZEIZ 5D 2 BBl s RE LRS- OBNET RO 2455 & |
N RARENEEZ TS,

- FEEIZIE. SANYO ZHUNZE LT /3 ADRENEF LT 5, SANYO iTtA =2—
TV =T VE—ERTHEIIY v ST A AT VA Lo TND,

< JSEUTIE, BEEOMERT 300~400t HEHH STV D, ZOKBTENRSZVVE ) 1D
H L7 F 0% MDA =B —nRENTIE 3L LR, BEIZ 2t (=v A1,
HEG 7 IV 5, b9 1ddbimE, 72720, ST CIEfEeIiciebR2no T, 4
fRLTTE L7 NVah I U FREME LTIRGEL TWDPMEITH S,

« BEUROAHER G BXTF 2 Mo D) ) 7 7 A /S~ HITEE 2 i~ S5
<. MHRNTERE> T\,
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- BEZER T CNF IZB LT (T2 5% YU CRRESE L) BEROFHRT 7
ANR—DWFEEB IR T—2F ) T 7 A S—fi5e LA BIA LT- L Z AT, o
ger—~< & L h BIF Db Ch 5,

« ONF Vo 7 VUIRE R E@ KL — F TAX )~ U B AT LTS,

PR By T BXE - LR 2% KBl tE K

(2]

AKFEDT RAALP—THdH D KEKIC CNF OFFFEICHOWWTe T U 7 2{To72,
< AKEEH: LRSS 290k B2 CNF 0 H0RICIRSRE L . Fs — M ailfEd 2 Z & 13
RETH D,

- CNF 3 — FOIHERE L L THEEA =D —2TEL TR Y, ZO3E L HET
HIZETIHFEL TNE TN EEBZTND,

TS L, HEOCRITKEEE 2 AT DM EHIA D72 DT, BAMEZTE) LT WFFER I 21T
AV AN

c FEDOHI2 BT WEWSE L TOMMHEMN LU THAER TEIUTREIZE -,
CKBRIEE A L CWD Z EMBIA OK) PEICRIBEDG 5 DT, KR Z W5
SHEHLDDBRA L Nl b,
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3.4.2 BRI 4 ILLHDED CNF #AIZK S CO2 HIRENEH

v —2F ) 77 A NR—OHEBAFE E L T.CNF OF /A R R a7E) UT=iEH >
— b ~DISFHEB D AREMICOW TR L7222, FHOf®0 CO2 HEART v L
IZOWTh, G, MEtL7z,

(1).3¢%H CNF 7 4 L 22 X 5 CO2 BRI

HEHRY =F L7172 T — MPETD) 7 4 /L AOFERKAFEREIL 309,410t (SCHk
3-4-1) THY, PET % 1 77 2b7- 0 8ET 572Dl B A EE 1.14mL & LT,
PET 4% o AFFERICEST 2 AMEHELZ BN T 5 & A H&EIX 18,518KL Th
Do

BUROIEZEH PET 7 4 VA E[RRROFEZHT 5 CNF L7 ¢ )V LNSEHTE | o
THEEHZ - SETIUL. CO2 PEHEIL 261,348t AFEOHIEGIR & RiAFE D,

(2).CNF # 7 ZAREFHHIZ L 5 CO2 HBEhAR

WA T A E&hisd &3 D7 T AHMITREFEOBLENG, R 7aeLy (PP) 2ED
BARBE~DE XM OBIE DRSNS, ZZTlE, S5k ST CNF BT
DE Xz ZE LT, CO2 HEZHHT 5,

BIE, ERCH T A8 LT T 23T 4,390,000t FREEASHE (Ut 3-4-1) Sh
TW5%, CFP (Carbon Footprint of Products) 7'm 77 ADT—HIZLDH L, HT AW
ABLEICBIT D CO2 HEHFEALIL, 1.0kg-CO2 /kg &t SN CW\D, AT AES & [F1%
DOEEAZ AT 5 CNF HROEM N ER OB TEAE EHZ 7~ LET L. CO2 Pt E:
1% 4,390,000t AEDHEZhI: & RiAEN D, 72721, CNF fiEofEE S =L X —H%
ZLES DT, HT AFRIOEREN LB K] 1,000°COET 1L F—DHIRD I3 %5 & 72
HZEnn, FEMNCEDYSy LR ET D & CO2 PEHE: : 219,500t AEDHBEIER & HiA
END,

(3). KB CNF S RA MM IC L 5 CO2 HINEEhH:

W AR AN 215 U7 KBS O K 3 FEBLd AU, KIS oD FEE A HAsh = H3
1-2%FEEE ) | T& B, #OEAR%%Z CNF 7 4 /L A E S W T, Bl R T (L L
WEBTE UL, K2R LEHEMRET I —D X LR 58K E LB, (kA=
L —FHEHIEIC L5 CO2 Bl HiAD 5,

B R
3-4-1 eFH PET 7 1 L ATHSHZEE T 290865 2014 (BK) REFREFAIITET 2014
H09 H 22 HiR  (httpst//www.yano.co.jp/press/press.php/001298 )
3-4-2 (B eldE ) YA 7 AR D TEMONE - BEPR | BEPESES 2015 4F 3 H,
(www.meti.go.jp/policy/recycle/.../h2503-yourimri-01.pdf )
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4, ETIBEDHRTE L FSHAEDEE

4.1 HIHEROFMABEYTSA Fz—UBEICET 5 FSHE

—HRIT, BAROIZIFIRIAE L TERY | AJEEORE. FHENEOVEEIIAE LT
W5, FEALOE S13 180 km TH Y . HADHEIL 10~80 km &, FEFITHEREOHIE TH
D, FEiz, FEFEONERT, PEMIRO BRI, SR, foGHLHZe E oL, g
BE. RERRMEC T L7zinE e, HIEOEMETH D, £ LT, TOEMSIND, KR
BT, K[URITHELZT DIEWKEEIIZETHY . T70bh, HUROBEMKEER
INSFEZFE T D,

Z 2T, ZOBEREMOKEGRIZOWT, Blre—2F ) 77 A4 X—DEJRERD
L0 YT TAF 2= ORAIZIRY 5 50, LWHTRT, REEIT-72,

—HRCRE O DHUIBREIR 2B 2 1256, AAXFEOIEARMZOEIERNAINEM L 2o
77, T, 9. IEAMBRGEEF o —2b. F I T 7 A 3~ BH DO
ATV, ZOREE T LT,

“HEBROBET, BRAKECEENTND Z 0D, 2EMICHPNOBEEFERTH
0 HUROREITIG Uk % 7R BEEM OFEHIDER SN TN D, LivL, T CICEEL L
TR EN TS EREIL, Bri-72 &R E L CORFIZRIAD RN Hlsl TR 145
FESE U CRIAZRI L CWBREMIZOWT, B —2EHE L U CORH ATHet: 28
L7z,

iz, HIROFFFER & UCHH SN TW DRSOV T, RFRE., EEOFIH %5
ITHINZAT > TOWDEEICH LT, 37 T4 F = — L OB AR E HEIZ OV T
Z1To7,

2 HEOHIBEHA O, AR FECRIE T R M Eh oA )70E R & L Chhit
SIVIEARE R A A~ ANZDONWT, —HEHEORBEEORHEA IR LT, Hugc TOFIH FIRE
PEAFRAE LT,

A U< 2 FEORAEND, FHld 2 HIREIR & Ui L72isEg il >\, Bra—
AF ) T 7 A N—JFEe L CHIHT 57200 T LV ERET LT,

411 FERMEBERDFAIZOLT

RO VL7 A FEE (2014 4F, FAO : Food and Agriculture Organization of the United
Nations &£tk V) 1%, 17,300 77 F T, £DH B, IEAM LT OAPER]E 1,300 J7 k
Y THI8% T D, RERAVRIEAM LT IL, A XEHE), KM, BE, 777 ETH D,
FEARM V1L, BIFEE EECTORIAPEA TH DN, EOMEDREING, »ILVT L
SA~OFIH BRI SN TEY, BRELTHEHARLOTH S, £ T, FEAMERE XS
2, B —2F ) 77 A 3=k LTORIHATREMIZ DWW T, fiEZIT-o70, Ok
4-1-1, 4-1-2)

A XEHEE, A%, AF, MUERa TR ERHAOEIEE LTRHIHINTWDD, £
DD, ZIODOAEFEHMITHNL SN TR Y | LERZRMHE N rIRE il CTh 5,

Eio. A R, FERM SV T OFERRFEICH Y . OREMIRE (SAL) O30
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AARTT ATTT) @R 411 WROWIEAIAR L7 A4
BB (7Y, 33 A YL REL

INEIVA L HA) | @F TFAINED

JFEEE L TR & T s Ok

4-1-3) , #F 4-1-1 (Bl —22e

orm—ADFH, FEEE(2008),

p25 LV 5IH) 1o, HROREHIE

A IWVT R R LTES, UT

PIRRDJFEFT, FEWTAT A, #

TFONETH Y. Zh b TIEAM VUL

7D 218 DAFEREZEDOTND, T £4-1-2 FERFEAMEHEO S TTHE &
bbb, Bl —RAF ) Ty A 3—

DIEAMFERE L TCORHZE 272

BA. 2O 3MITTIOLTE L

TOMTIAERHELSITND HD

EEZ DI, T, FREE LToft

DL SN TS ZEND, B

7RIFEFCH B,

MERE LTofRIE, £ 412

ik 4-1-1, p25 XV 51 (2
BHIFEAM DO BEFA TRER 2/~ L
770 25 & b 2T < OIEARMARHED L
WBAMETH Y | IFFICEETH D,

LUy FEAM L7 13B%8 FE
TEER VTR E o> TR,
MEEOHERRH Y, £, FEN
MR OIERF SNV T AFERED T2%
(1998 4F) % 5, 1EHDOT =T M3
REL, ARBIAICEHS>TWD T
B, A% HRE LT-BER ATRED &\ ) ST D,

BOTENZIE, AT T 13V B OEFENRZ WD, CNF FIHO7 0 ORTEE M EE L
720, AR MNIAFNZ 2 D, ST ATIE, S &Ny (80%) Tk, K& MHEMNH
720 RTIEEHEE G F TV RN, 2OV RIS R E N TH Y . CNF FIIH
THEREOERN LI L 725,

HARM 7 VT 7350 CNF BHEIZR L TlE, STk 4-1-4, 4-1-5 23D D,

Comparison of the characteristics of cellulose microfibril aggregates of wood, rice
straw and potato tuber, Kentaro Abe, Hiroyuki Yano, Cellulose, 16:1017, 2009,
DOI 10.1007/s10570-009-9334-9 (3Cidk 4-1-4)

A, fBbob, VY TAEXET TA X —RBLL T, ZhohbiEfaniztra
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— A7 07 7V VOIRETFHIE ORI L i L TR D | A b7 e
7 4 7 Y UIEER 12-20nm ThH o727, fido 51X 12-35 nm, ¥+ 1 EZ[1F 12-55 nm
THY ., JPREFANIIE, AT TEARFPA R E WHEIH TREE T 2 Z L 2VRSN T
W5, XBOHTIZ L D —AfER L, BIOY U FRIITFEEZETR S, B
FRECIE, ZOMEIZELL T0D Z E2VRENTV D,

Production and Characterisation of Cellulose and Nano-Crystalline Cellulose from
Kenaf Core Wood, Hoong Chi Chan, Chin Hua Chia, Sarani Zakaria, Ishak
Ahmad, Alain Dufresne, BioResources, Vol 8, No 1, 785-794 (2013)  (C3Cjik 4-1-5)
TF7inbT /M rr—2 (NCC) ORIEZGAATZ, 777 & 4wt% DKL LT

U DATRPWEEL C, RIS N VLA TEA L, S 6, R T L T

NCC %437=, 1354172 NCC If, B 8.5-25.5nm OHFPHT Y7 A7 Mg 27.8

ThHote, ZOMLTIL, 7T 7 DORES (core wood) % VT NCC ZHliEL T3,

T NE, ENIEFICE, ERE T 3~4m OF S22 0 | MRTOELT 3~5ecm
LD, DD, AM VT ORBFERE L CTER SNTWD, Fio, MEEESIKRE L
TRIZHBFIHESNTEY . Wkt EITENTWLT2D, vy VEICHH STV A,

TEREFRNTIE, R, BUEGE & AREE (B 230 | Biarid, Bre—2AE&EnE<,
IR — ARG R, AREEH 26%, IR 18% TH VD | ~I BB —ZA D72
R RIS BRI Sd, 2OV TR LTI 2RI S, 15-20%FRED U
T bEENDTO, SRE LUTHRIHTAITIFRRELE LTV V=0 2 RET D72 0I0E
H &5, TEMPO fi2{k CNF OfbED =iz, U 7 =0 (FEE) S E 72508,
7 ZRT T, T U RRSEM OfbER (7 10
%) HELELCTRY, ZoETEREMNICHTEL LD LB 6D, L, BHRK
FOFEERTIE, Bro—2ARnY) vFheld, CNFAUFEH L) »7ctDa X hbdhoTo,

FAMBE R Lo —RF ) 77 A 3=kt LTHWAEE, 2~V RE e LTH
SN TWD T T, NTA, ZIrBnHEIRE#RTH D,

T FWZHONWTIE, ZEIRNOIRIFEIL 14.4 77 DW-t T, H%FFH rTEEEN 2.2 7 DW-
t (15%) . TNHNHELD CNF AEEIT 75 Tt ElE S, AFHLEHTH
D, BRIFE. i, IWEa A b1 Th 528, CNF B L TR 285508 &
F5 L,

DFEEMIE L LT, A A 7 —VFEE~OFIH & oA 31T, 377

QR & LT, JEIE RS <Hafi, X0 Beh HifoE A

(BCNF INT.& LT, ¥V IEmrokrE
INET HND, @OIZHONTIE, a3 NCHR TR A E AT 5 7 EORANRE M T
TEY, @THOWTIE, EEEINTIH Y, TEOEABIR TH D, BIFRFFHOBESRE L
T, 2 S UR, FIAMEE 2 flRethiid 5 L Bbins,

A ONWTIE, —EENOFEEIT 1.3 7 DW-t T, FOAFIH el 1.2 77 DW
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—(94%) . ENHNBELILD CNF APEmEIL 6.1 Tt ERE SN EEREITIEE TH D,
ABHLTFEHTH Y | TR, oA, =2 b b+45ThHH, CNF ke LTS
L85 DOMEE DT D &

(DEEHIERG & LT, Ml e ibia 7= b D& RS

QM & LT, Rk, M ITIEDORRZ

A THIE & DFi S

DFET HND, @QIZONTIE, RERIROIGHICL Y, ik ang & Bbhs, Qo0
TIiE, BEEINTAEAT L TV DD, ZERTHIMTAEDOSI O —F— DR/
B2k, FEOFMELZEETHIMLENH Y, [TELOEE BMLETH D, (DIZDONT
X, RRAEESEFEAA S ND5E. —RREROBENEV, il EORBEN S £
ND, (THIEIC L HEREHENAZCH L LR, ()BT, 1TEORY MHAH
DX, —HEHETHRIAPMBEELTHA D,

IHET, BIAICELTE. Brn—2AEHROEWVEIAROBSE, AT HIRE A
DBAFEZR E | BInF LHEIGH LT BRI OB EPER SN TN D, FABHIZ O
T, AFSREECZO, AFHROERLIIRES REE 267200, Bl —2g
HREEDD, T, ~Ivro—REDEKRE T, #Ma L0 L D AL
B bR S,

4.1.2 MISEESRICETLIET) T

T IREFHT ORFPE S~ TE IOV T .
v S % <~ 2% (Zizania latifolia, E7K) : 1 F

HiF: 2015FE 1118 | Go) ~ T TROBER, A LB 2T
BT . IKEPRTRS (ARSI oML CRRICEND, Bl T Y
 1250) 3, (wikipedia £ V)

HRRE - IREFHTBDCE SRR RAIRBUR
Rk R ER. & O FEZK

PREFHT I, [FREF (ZHD) BT &9
M4 B 0 HH 2 e, v 2%
M ORFEM & U RS T2 BZ0NH 0 |
LA R T RIRIRER S TR L TV D,
SEENTIE. 2 (COEFEENDH Y | 1T (E{% : hfctpsi/(ja.w'ikipedia.o?g/wiki/v a2
LT, HO R - LT 0 LTl #/media/File:Wild_rice_stems.jpg )
Do

~ TEOFRIFE, WIKPRETH D728, AU THERE S, BSGIRRIED & X R
ThD, M TICE RS, TG 12RO DMLD 08, BRI, IERIC
ARV EZ LT, Mo LT, FREICHMA LT 5, dRT 5 & TR, EAE 50cm 2
JEL 720 | ZORITTOFEN, ~aEX 7L LTEMAICMENS, WX, 1R/FETHS
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25, EEREEIIR S, B, B TE S, BB SIREHIRTIX, I, —HIEMT
bhTnd, FReTUUCITHRARIEL UTDEEY,

FREFIT N OB IATE L TV D03, B~ 3B O 7= OITHHE LB < . fl
RO ThH 5, £, FIFFEEIL. MIEN O~ 2 BRI L2l Tide <,
FEAEDREL ~ TG EFHE L TR, ~ T EOHEERTFERIT. 1 FEHO
BTH D,

FREFRF ORI, A Im FRENSMEET, 1 (=5 1,000m2) H720 500 HRFERE OFES
INA[REL 720 ~aE X E. 1 AH7=1 120g FREETdH D DT, 500 Kk X 12 A/ X 120g/
A = K)1500-600kg DUNEE 72D OKREEIZIEFRRRE)

PREFATCIX, 9 2ha(2 B OFEEHNH Y | 2 OINHERIT 10t T, 2ET 2 fLOHHLT
HD, 1ML, WEEERTCTH 52, 2.5ha OFEEEIZIEE>TEBY, EEmE LTo
REEEITIEF T D720,

APEMIT, ENDRNWZ 550 MMOEFEMO L O IRitidBlliIR-> TR 6T, Hk
FEPES D OHIPEHINE &5 Z & ¢, EICETANmT, BTNREERT OB & LT, s
TWb, BHALE LT, 500 A/kg THfF L, TEZOMNE LTI, EOBRT 2 AA
v (250g F2E) T, 300 I THRIE LT\ 5, sEMiMED 500 Mikg 1X, JeATUTAEREL T
W2 B TS EAL ORI ZHE U TV D03, S OIS ORBU T2 & oL, k& oEx
ENIRETNRINT L9 ThD,

FREFCOWTL, FREFHT2S HAHBIAI T LTV DAS, —36, El7s & s e L O
EWVH ZETHBIRH Y, ZOFIHE B VD,

HYFICL D b, FEEE UTE, B LD LN, IEEMED B2 B0 T, K
DX D 7PEREITIT 2 VRN E D Z L TH DN, ~ I ERETUEEEZE BT En 9 B2
FLHEVRNEITHDLEDZ L THoT,

FEFFEE T, IERME~DOBINTE S WS, FHEAT 4 7 THEY EiFbhTnd 2
Ebd D, HIROKERZ/ES> TS LW I TEEITEWE DI & ThoT, HIEHNET
HDHT=D, HFENDIHEE COF = — U PEEEND R A TS Z & Sl B E O EX]
LDz L Thol,

IREFRT CHRISE SN TWA Y IEIZONWT, TDOFEHEAX 4-1-1 1R LT,

v IERFEE LT, 4R 50 b aET STy NERRET D, A DEAR A A
VATHDLMOLEFIZE D E, ZORIE, BLa—2A03%) 35% T, ~I/rm—AN
$115%. fth, UV /=2l eroTn5, Blu—REHFEER”LT, Blue—R)F /) 77
ANR=L LTELND EET S & 50,000 kg * 0.02/0.35 = #J 3,000 kg DFHFGH H
DELL 70 %, WEIEFGD B OIET, K (BEEAZ) DOINE & IZFFRETHLDT, 3,000
kg OKDIWHENNEEL 720 725, 500kg/10a THHT 5 L. 60a (0.6ha. 6,000m2)
DOVEMTHFREN NI L 725,

INESEBI, IO~ BT HE T2 & BIfED 2ha OEFERBE CE/Lr—2
FEREIAME TE D L L7 D,
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R4 FPER() CNF wt% Cellulose 4 ERE(kg)
< aF 50 2% 35% 2,857
2% FEOWHERF O EKEIL, 60%FEE, BUXIZK 15-25%

RO BIX, A A 7 —VEELE LT, BHICRETSILTER Y, EIROMEREEL < |
Fo. KOFHEDPHESL SN TNADTD, EOFEFWZ RIS 5 Z &I LV,

ZAUCSKE LT, FEESHENL STV W IR, B A HAEY 128 Y . ATEERO
~ X TESUSN S TEREIE LTRSS 2 & ¢, HEORBASEI: 12 L5700
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