OlHE &=Dl=

OlxE4E21A

L 4EESX B =S

Ux dE2e= B3 5RARY Az, 54 R &8

51“ OIADOLT| &Y
kil ! Korea Institute of Science and Technology Information



H HuMEAN, F 7

24
3

i

ol
~L,

gl H2e] tt.

T
T

5

= 7135 Sd3}

€l vl
=St

Apgjoto]

%HL

714

=

=

sigiol A sheh

S

jo
=

A
ax

1=}
U

=

°f 22Y HUHY AR
ol

£ TS ATALEY,

A 7]

PN
aT

bt
EERER

<)

2
A
L

=

=
=
=

=

0

=

[}

g

=

ol

__lﬁ_
EEETESS S

2133 (GIB) AFd A

J

A
ax

H

% n
1=}
RUN

=
0
o~
=

&
1
7]

H

=3
=
=
ol
=

H A

I
TH
=

A
IH

e

A

2006 W]

Bl e | g s

=

HY= 7=

c AMYEY A 7=

. PP HEY

-3

R
<
oH

7]

]

A
fu

o

o <

ZF(GATE)

J
ZE

o
=

A3
AFEYA 2R A
e} A

9
<

e 7|95 A (Organic Semiconductors)

[¢]

B

| 7=

ol o
X ©

1
[}

=
=

« 39 Mzl=9] DMB/DAB 7])&%5 3k

St~ = HAMR

e

FAI el
« HEIH 22~ (Multiferroics)

e X

Ho
op

X

ol

T
"
;O_l
or
il

- A7)

0

B
oy

9] VoIP A}

2

iyt
o=
o

‘501:

o

RNAT A% &

8

°
pal

o2

o

1ok 75

-

el Famre yAd dAAE F

A

.
3

Ag Aol AL Deu)e s

9 Fagel Y AAAE B

¢ 3



Contents

Urdsze= B BdAse /fa 05

Hredgge= uy BgAae 54 07

UndEgo= By B89 g S48 —— 10

olfr A9 deaA 1

(=]

e DAL

Hhol @ EqtAi ] Sule] A7 14

UrAdERe = B BRARe] AL F 17

UreAdERe = B S48 Nt A 18

redgze = i 53ae] s d9ed —— 24
A

Ol7E4

ol Al 7] 26

UAEg20=2 W79 8492 AZHWHS

AR - - 27

UrA2z0= 7} Biagae] 485 9

71EA Q) EAIH 2 29

GreAdgze= Bgge] A4t ofF v

= 31

&l 28 32



M

=

Urds2o= 17} B389
YrAdE2ox= 57} B89

UyrAdezox 57} Bigae
h=]

I
oX

2
2
™



NEXT10
http://Next10.yeskisti.net

1 ME

U AdEg2o= 07} B3R89 Mo

O Az AFastdor, #47A ok Sol s $5e 4w g 18 54 A%
BHARE AT AR wo] AAMOR Fusw gov] 53, AA2AT SO
2 St BIAR de] stEHom) Agdon e #e B IS

O Hol 7 A & (biocomposite)= W, W, A= 5o HAHNFE WAAZ ARES L&
A A @A s 2 A A U A 5 e Fokdl AFEE A e
A A3 2B AESA S (GFRP: Glass Fiber Reinforced Polymer Composite)Z T
A & de= HFa2AY.

b
ht

O we]e A=z BAARZ AMGHE AAdF FoA Aed die dezezrt 5
Q9 FAARoR MERO=E <8 oA B ulel go] FRIOXE JE bR
w378 A E AER Q= Ae tutg EAF ] 9L

Cellulose Synthesis Proteins: Natures Molecular
Assembly Machines

Clucose
- Irlllunlrrw:l.lli:s Cellulose

Plant cell
3 nanofibers

wall

o i
L . SEM of roserie.

i Cellulose producing proteins forming a “rosetie® Camidace
Haigfer, NCSU

Seffrey ML Curclemardk, Poney Seade Dniversdty g SEF NP

(O] H-MEZ= 3 J| 2L

X2 &4 Phil Jones, PIMA Leadership Conference 2005, June 26—29
(Nanotechnology in the forest products industry)
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o] glom mlo]Z AHE <1y o)A i sl go] TA4Y 3} oo og
A 9Aq A22ex golon TN g

O wlo]a= AFE AF 7Fislel oa 743 Fis wet o= Zad 244 v
AEme=s AAstH Ao hdsh A dudel o3 =
2o2e BHARY ¢4 BAAARE AMEE A
5~10 Yi=vlg ol Aoj= A= Tl wet 1

3}
= .

oy

M

SEAE= v A2 Fol (-5 wth) el BAA 7l o] s)A
]

3 dA, 7IAAX, ¥ o 5Ao] sk ek, 43k AR Ae 7HA
22 YyLAEZ =22 B4R A}E3 Baaas Al nlo] e Eaa) g Hud| B}l g
e e 9 A EAAS 7 ¢ .

O WA 9, FuldAds Ui, AAdF 52 vlo]eax =4
N7 o] 2 o] gdte] thkd AR R E8F 4 Jde AT, 1LV
202 B} B3dAE MEAFr s AgFY

Arnorphous.
megons

Coaling.
Blaaching

Cryslaline
PRGTE

Cellulose pulp

d L] A
2 / ¥ fikerils
e Saam sxpleaien,
. il hypdenlyain

Micrecrystalline cellulose (MCC)

(a)

Wood llakes

Cellulose wh

Amoarphous regiesn
Mative coelluless »

Crystalline regions feld hydrolysin

Individual nanccrystals

(b)

[O8 2] U EZ= HMxEE

Xt& £X: Woodfiber05 (a)Norway2| K. Oksman & kvien,
(b) Simonsen & EXIZ
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http://www.gov.mb.ca/agriculture/crops/hemp/bko07s02.html and other sources

A
EX:

e} (Hemp)
XI=




NEXT10
http://Next10.yeskisti.net

~_~__ Nanoreinforcement Multifunctionality

il Exfoliated Carbon Manatube Exfoliated h-BN Cellulose Graphite
| " Clay VGCF BN Nanotubes | Nanowhisker | NanoPlatelets
PHYSICAL Platelet Cylinder Layer Needle-Whisker Platelet
STRUCTURE | =imm x 100nm NT =inm X 100nm =inm X 100nm
VGCF ~20nm X 100um
CHEMICAL Si0y, A0, Graphene Boron Nitride Cellulose Graphene
STRUCTURE MgQ, (chair, zigzag, chiral}
Kz, Fe:0s
INTERACTIONS | Hydregen bond =T Hydrogen bond | Hydrogen Bond m-T
Dipole-Dipale
TENSILE 0.17 TPa NT 4.0-1.7 TPa -1 TPa ~ 130 GPa ~1.0 TPa
MoDULUS VGCF 0.25-0.5TPa
TENSILE ~1 GPa {NT 180 GFPa) ? 10 GPa ~{10-20 GPa)
STRENGTH VGCF 3-7 GPa
ELECTRICAL |10"-10%Qem | NT ~50x1050cm insulator 10— 10"% G em | ~50 x 106 Qem|
RESISTIVITY VGCF 5100 x 10* Q2 em -1 cmt
THERMAL 6.7 x 107" Wim K 3000 Wim K (NT) conductor insulator 3000 Wim K) ||
CONDUCTIAITY 20-2000 Wim K (VGCF) & Wim KL
COEF. B-16x 10° A x 104 -1 x 10% B-16x10° 1104 |
THERMAL EXP. 29x105L
DENSITY 2.8 -3.0g/cm’ NT 1.2 -=1.4gicn? ~2.0 gfem? 1.2 glem? ~2.0 glem?
VGCF 1.8-2.1 glem® a
[O8 3] UM EZX 3 AH OHE LI AI2te S48
XtZ: L.T.Drzal(MSU) MlA|Lt 2 EXLE
New Effective Xellent Timely 10
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O Yedg2e=s offer 22 JdwbAl Ade 7Y A=dds sl et
< 2204 = s ke o] tkd Ao SAS T yrdlERe =] Az
7t s,

- UEAERex Tud]d AEAde AR,

- AEREAE A4d % H :

- Uk A7) AERE AFE AERE VR GRRRH d5 F US.

- AN oA e B RS0 AldlA ]

- A g AR TS ded dedkies
o] AA7y b g

- AR TR e JreAdErex 543 SRk g

HdEZPX A= XNE a5 (rorl:l;_il) =0l Aspect ratio

2| Il &l 2(tunicate) 10-20 nm 100 nm - #m 5 to > 100 (high)
2L Z0H(Algal) 10-20 nm > 1000 nm 50 to > 10 nm (high)
2tHiclOoF 5-10 X 30-50 nm 100 nm - /m 2 to > 100 (medium)
=4 5 nm 200 - 350 nm 20 to 70 (low)
LI 3-5 nm 100 - 300 nm 20 to 50 (low)

Xt& & : Beck—Candannedo, et. al. Biomacromol. (2005) 6:1048—1054
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Hhers(infast ruciure,
& marne elc,), 7% 1500
Aulemobie, B
12004
=
Industrial'Consumer, = &40
10% T
Building products, 75% o

2000 205

[O8 4] A[=0Mef HO| 2SS E =2 AFEM X IdEE

AE EX: ZUEEZ|ZE X684, 2005
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ol 249 By

O ge F7dA 27k oluA FAE RE o|Ux71%e] F471%2] oA 2a] el
o3 sAsts] Ao AFFER Uz L #AY gY TRAES 295w
slom Ba), w=, Avch, FAclAE 2005dRE ARFEE A8A a4 AR 9
S vhol AL o] G4 AUAY HFueh AUA2A ATALL A3 =Ewe A3
5 AFH AFAS FASL IS

AAZ o= 20008 T Bl A& A zE F

O wep] e ABRo = B BFARS BEH ATALS A% A Y 2 o
W7h M3 g e AEEe R nAe] EEHA A=Yy, rAgEex uy B
PR AEE AT 71EH BAY R FeAEROE 0 HFgAR 43t
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whol o BgAne] Fuls] AFAL 5

JrAdE20=2 27 B389 AFNT
%

Yrdg20= 57 BdA4g9 /AT A
%

U AE202 37 B389 FU9
AAEF
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3L ole el g WA
dg3tet a1t At Eel

O FdNAE AFst D olstas E AR AN vl e BFARE F2 ABT ¥
Fol Agoti AT Bol AAH T glov] Bl ERd AUANL o] §3te]
A QL) TH, AEA BE 5 bR Fool $8357] A At F4 F9,

O obrlobz 20009 FWPE] f3), Hvlsh vpol e BFAR QTS AT TAFEAT F

O Wl BRAR ARATE 2T Yk AA A JBe] AL <k o] 43
& ol AN 7|7 olejel A we A, tel L AL vho] 2 % g
2R TE Aasn e

H = 0
= vl o BAAR AT AL FPTEAT 9,4
714 A A who] 2.

a7est A5 FAskaAL .

O @A rpolBFA=7F 7HE Wol A3t P& Ak WdAlsh o A=A LA
5o Hle]l e B ARE JNEEty] A8 frHe AbsAk vE A At 9 EU
Growth projectoll Al F&ATE St =.

- 53], o] FolA Z2AE “ECOFINA(http://www.ecofina.org)"= &A 1A A&
A ApsA i Al AREE AL Qe ] XA S FUIARE dda
a7] 9%k AT xR FUHL S

°] =< DLR(The German Aerospace Center )l
sl BTt AFREHA e BE o, dE
A HA] okl = Ag3l7] 95 A

[e]
T o
= o = o =) 3o
5 3F¢F L FANAL A% T4 5
5 5
=

=] =
At @A) mpo] o 2 g
=g

%9 A4 3)4kel el el Le] Al A HHol QB PARE <17 504
Hi RS} o] Fgabel ugaAl L e gAle] AAl AgATst FAHn o A
A
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[ 3] HIO|2 S8 E =2 A+

= =2 7B ATFAE g S
0o ‘ﬂ% USDA(Pobert H. Falk) o %ﬁﬁ%—%ﬂ-i"é H]—O]_,O_—E,L%LZHE_Q
o WAZFEHU(L.T. Drzal) oo (u A
o 912=Ael(). Sanadi) S8 (1= USA) - 28 AT
il —%aﬂ%. PordA} o AAAF B EA=e vt /\]_Q_ﬁ_xq,
B\, 2.9 v o =2 =70 =1
= -Futuresoft Technologies Inc. o fMLjIE(U];]j ‘:%EH)E o q & o
-North Wood Plastic Inc. o AU HAE o8 SUAL S8
o] tpe (Y =2ZAd)
o G (HAA. T.Peijs)
o EAd(=# AWy, B.kretzschmar) o HIAE AZXE Y3 [ EA
o olgg]ob(HFAt]. C.Bernal) 9 g ok (g
o | o UE@&=( INO Institute of o PP/Clay Hlo] 2 =3} AF(EY) -8 AT,
‘%— industrial TechnologyA}, o Jute-PP E3tAlg A(o]Eg]o}) 283514
S.Fisher) o AAnEA/ ==} Combination & oA
o 7)) (Owens Coring (MEg&d=)
FiberglasA}b, J.L.Thomason) o AF=x}bell W3 NFRP-S--8 (& 7))
o =¥, &= dnla F
o Wy o] § AEslA ulo] 53 ogem
Q| o FEU(H. Hamada) Az AT Se
| o o7y Kikuchi) o ALE, mahing olgd ARy | ool
HEEAE AT e
0 (L.A.Pothan)
711 o (Madiscn, WI) o MY FE o] &3 HIAE AT S
B | o (5= Kate E.Semple) o AA/FAF E3t o] & A+
0 d, A=, dEolAet 5

“* Flax is potential candidate to replace
olass fibres in engineering composites

< Daimler Chrysler has developed a
number of automotive products based on
Nax fibre composites

Daimler Chrysler

A2 &R : http://www.daimlerchrysler.com/

New Effective Xellent Timely 10
http://Next10.yeskisti.net

telei 3 2tol &2 AN A8t 7 S0l HIO|2=§ =

-
KIS


http://www.daimlerchrysler.com/

NEXT10
http://Next10.yeskisti.net

g, v=

O wlaroll A vlo] o A5 /YA = @IS AF(National Science Foundation:
NSF), 53H 4 (United State Department of Agriculture: U.S.D.A.), oy A
(Department of Energy: DOE), #74%4-(Environmental Protection Agency: E.P.A) &
AR 2y Bajo] X3 st kst A 1S,

O WA ofol oo Fujst, YAE Tl MARFANE, oo FH,
ol Aot FHuI, a2 o), el o}, waglEeol FYet, Aol
Yol Fgulet, w4 iet, Detslo] Wet 5 @e vpstel A vlole B A
By 71272 FAFAL Y. olE Yol £ G WEYAT S ol
SHFAL, BRI} AANFE RAAR AET nfo] QRPN AT nEAE
ME AR S o] BFAR F vlol QRFAR AL B ST} vy Jx

AT7F A E I .

O W3, USDA Forest Products Lab & @A77 oA ulo]e B g2 y+4 oA
ARG Ay AT2, 09 39 A}, =i $= ZgkxE 8 A (North Wood
Plastics Inc.) & ZIgAelA nio]e B As HE3E A A5 T2 U=

pA

O WFd A FAHE vl RTARE SEEOP} FH, WP 5 AF WY )
WA elmel & W A4ER} ok T Uy, 53, vl ongAnst v A% A
o) Aol Fod 4B T 5 Qe A ARAR HFHL o 7 FREA
oA AFALE AFHoR ARt 9

o}, obAlo}

O opAlotel M= o 5 ARE voloBGAL #e | xATE ALl Fz 5,
R, F, Qe 3 glem olFeA Ro] b s A7

O

O vlol e B5F AL L] A&sto] disire dit EQt) Asats| Al A= Avpzel Ze
F2Hpoly lactic acid) o2 WHEO| W vlo] R B A RS Aoz 583 WHAZ 4
Eaklthe REE 20051 3¢ 29UA= & vl 2

o] 199955 Hpo] @ =35t
ol vhole gt wd
o]

[e)
AaL .

re
—
N
)
oo
=
=
o
5
re
—
(o,
e
a1
(e}
s
padl
lo,
~
?
__>:1_:9
2
>,

O = 27} "863A4 2 (8o €l =2
B g A AZx7)E"S AAEe] B9 A &
v =4, duFAs, 55E q
AaE 53 Fow HauxHa .

O W, §e ol BGARA g Aol JujHom BEahu A u}
NLEGAE AT A AR T A ov] @Al AR AT/ B3} 5 A
NP EEEE SERECEXIE SIS
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Y AZ2oz B B3R FuUg AL 5%

hf3

O FHAAM YAEZ2 0= 7 9 o5 o] &3l vlo] e H3talg 7} Hdd
g3k 7hd 543k MEAFE o 7= A9 4 EMPAY T4 9] Tanza Zimmermann =HA}FS}
2ol el K. Oksmano] U+.

- Tanza Zimmermann BFAF= 2292~ Top—nano-21 feasibility 975 E& % 5o] 100
nm V| Rke] A% tr]eAd 59 EAS VM RAAEAM YeAERE2E A XS}
i o] & Hpo| EIANR Y BAANE AFESt] 7|E vlol BT A R 5SS A

>~ 23N = [e)
4 g e A8 FdskaL A=
0

=

- K. Oksmane Jx=AE2 0= 17} Balggol AL3E 98 Y AEZ 0 29 ¢
o A EAY S #dE AFE 2 T,

SR

O YyeAEgR2 = EIARE dgsts 7P el d4713S sHF A F
A2 (USDA Forest Products Lab), HA|Y =AY 2E @282 (Pacific
Northwest National Laboratory), & FHulgt, WA Yo} & ZAo} & gHUA
TS, o2 FHUYE o] Jo olF AFU|HNME HeAEZR = 3] 2H
Azt E4AT D st adze} 3 yeAdEgz o= B} SEAEE Est)

A3 ATE S AS
O =dgze

=z =

—=
A skl fls A
AZEZQ2E 53]
=
T:]‘

o}, olAlo}

O ofrfotell M= H27HA] Ymdgee = Bk B o) ol &3 HaAEd #3 <
T7F Bard o\l gl
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U AE2e=2 W EFAs /ML FA 53F

7. f¥

O 8 F5A A= STFI-Packforskoll 4] EU 6th Framework Program®] S ¢ 7)wt
M2 L% (the framework of the specific research and technological
development programme integrating and strengthening the ERA(contract No NMP2-
CT-2003-505247) Well Al “4Fs Alw s ek Yier]e 2EHA
nanotechnology roadmap for the forest products industry: NaNoForest)< %43}
B FIAAOERE e AER 20 A9} o]F o83 BFAR AAATE A
G40 A5 98

O NanoForest®] A4l H42 JAAE Bokg dAldez g&ab=r 493 &
os) o]l o) A shojuel Robs 7H o At A,
NanoForest 2] 23 ol F = A A
AHAE ARG AIE Y] 28}

HATE = A

=2 AN«

o Rglon oFol A AHUAE FRoA Lhw 1 SEEEE]

A
1/].1_]__2751—;(]] /Hsl—zﬂe AZEZQE ;(H 9}. 1/}1__.?7_%] Hoko]

Input to Research through
A Technology Mapping Process
Fibre Dosed Pocksgeng Coatirgs Fao aging

Fibre Dased B0 Composite
O

TR

Fibmn Fackaging

Material Research Sub-Projects

SustainPack EU &th Framewaork Program (IP)

[O& 6] NanoForest Roadmap &HEXIZ

A& £X: 2006 International Conference on Nanotechnology (TAPPI) &t EXI &
(Tom Liderstorm, STFI—Packforsk/KTH, 2006. April 26—28)

New Effective Xellent Timely 10 =
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O YeHJAS/EFAE AE8202 A5 FopilAs AER= nlo|A24f/
HEES ol &3 HdAm, 7 AR AEre= vto]az Afof ofgo] it U
&5, UeF FoplAe AERe = no]AR AR/ U ES o83 Uiy o
7ba, &, B, AL W AR FE R 2aAdE 7R Yt 14
el Wg& Edsta &

O ool AdAE i Yerle JA s e dubded uzd2 g5 24
-84l T4 K A Aol Ao (oS 59, SustainPack)el]l 98 Al H A

do rlr

ATu7F A=A 3l

-F7] g olF 7= 2 =2
FHTEAE erless dd7ls AR ofy

~
=
o
=

T | e = T U 1l b
AYDE sk AL

- A 7FA = bottom—up®] 7] H.TE top-down Lo ® H3PE L.

1B S =

O #laro A2l vlol e H3AE /M4 2 AEEA AYS wa gloy &87
of: e FE 5 AF A3 7ukAd Azl 5 9 zpsaF BofF 5 ugYst &
3], o] QBRI BE Ho AFH Ao AAgld Fask 93-S & 4 e Hd Al
AR A 7 R A AFNES 540w XYsta

O w83} k(National Science Foundation: NSF)ol| A+ NSF-PREMISE grant,
NSF-EPA program &2 A9 E& vlo|eEda A%, EEA 2 LCA (Life
Cycle Assessment) A7 AP sl A&, vl= A F-(Department of Energy:
DOE)o| 4] = "Energy Efficiency and Renewable Energy"2] “Biobased Chemicals and
Materials (http://www.eere.energy.gov/RE/bio_chemicals. html" FoFo|l A, v =53
H-(United State Department of Agriculture: U.S.D.A.)o|4+= " U.S.D.A.
Certificated Biobased Product"® ®H}o]Q & 7|Wto g2 3l nvlo]o BEgtxjg o] st}
Ag3E A Ystal .

ol

O 3, vo]eAd o 2R UnAdas Mty g A5 A5 2 FAdA4 4=
How At U=,

- o] 5-(Department of Energy: DOE)¢} &% -(United State Department of
Agriculture: USDA) 35S 2004d 10¥€e] “HA glaxAEZ o= Yo Y3}
71" 3 g YAl ARz Y yedEre= YeAge] Ax B olE
o]- &% thFe Ak oA JNTel o]&et7] T I EAEE AAGsAE. ©
7P lEA R eAER =S o] &3 vl 5JAARE Al 15AR AdEsto] Bt
ole AR TS dElaL AU+,
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O B3, 20061 6¥oll+= American Forest &Paper Agenda 2020 Technoligy Alliance®} DOE<]
Office of Energy Efficiency and Renewable Energy(Industrial Technologies Program)2| A
o7 “Forest Products Industry Technology Roadmap" #H&#HS WHEIAS.
(http://www.nanotechforest.org/documents/RoadmapFinalDraft.pdf)

O HZFHel= 2004 HFAMANA 2EH Y7l A7 Q&S £t 9o
A A YL nEAEIGAE D e B} A2 uist %i, Al & 8 2 AT
"I‘H <18 7o) JER o FQ AJe 2= E}gj FAN
524 2 HEAAZE 7o w GJ U2 5 9] 7H‘?—_} el %?ﬂ?g} o5 o]&3 AFe] AT
?’Z}”(Jéi, A9, BAA, EH2 d8, H7HA 2 " A
- B4 #ax AERe= W HanrAERe = G fse) B 38, 714, F3, =

O

) O 1,
7] B AR 5 2
S BAE wawAgRe=any i 209 AE2ez H§ e
- SEAA YRR E SaAUEFH, e fFH 5 deetoloj R WMglste YE
S RaeAERe= GuAR 549 AF SATLI Aadn B EA
- 53 3 5 Mo ds ARs AFAFeR dFss aade FINTE Ve

]
o= = dAE FoE Zol= w To Azed oUXE ghass u =) b
= AREY v &8, M B AT EA

O B¥RA, G, U 8 FALTL Holo) TEATE A A8 Y7

o v ol = j=
<19 &3 go] A3kw AYAAORRH UeARE AP o]F S4F ATE FH3
7) 9% AR AYE FAekw dg
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Summary of Nanotechnology R&D Needs for the Forest Products Industry
(As identified in the October 17-1%, 2004 “Nanotechnology Workshop for the Forest Products Industry”)

mechanieal, optical, magnetic, and
elecironic properties of nanoscale
lignecellulosic stmuctures and
lignecellulosic nanofbrils in wood.

Liberate nanedimensicnal celiuloss
fibrils from the lignocellulosic
marix existing in wood.
Inwvestigate the ability of wood
nanotbrils to be converted into
carbon nangctubes, nanofubulss,
and nanowires.

Understand the interrelationships
between lignocellulosic nanoscale
material characteristics and
resulting end-use property
Improvement.

Utilize, develop, and investigate
use of nanoscale materials and
nanatectmelogy to improve
conversion efficiencies of wood
and wood-based materials to final
products such as by reducing raw
material needs and process energy

comsumption.

even at low addition levels (<5
percent). If strength properties
of wood, wood composites,
paper, and paperboard could
be dramafically improved, the
material content of products
cotld be decreased by up to &0
percent without lesing end-use
performarice).

* Improved water removal
processes and other processing
efficiencies in paper products |
nanotechnelogy that would lower |
energy costs by 30 percent (and,
thus enhance environmental
sustainability). Water remeval
(typically accomplished via
thenmal drying process) usually
constitutes the biggest portion
of the energy costs required to
produce wood, wood-based
compaosites, pulp, paper,
and paperboard products. |
Modification of water absorption |
leading to faster draining
fibers and 100 percent solid
coatings would minimize the
energy required and maximize
the productivity of paper and
wood products converting and
finishing processes.

F:;;f Ré&D OBJECTIVES OUTCOMES & IMPACTS Ré&D PRIORITIES
Polymer + Utilize, develop, and investigate * Value-added, durable products | * Develop and investigate novel
Composites novel wood-based and non-wood- and products with improved | materials with enhanced
and Mana- based nanoscale materials with properties that would benefit properties (e.g., films, coatings,
Reinforced enhanced properties (e.g, films, the consumer {for example, the fillers, matrices, pigments,
Materials coatings, fillers, matrices, pigments, | addition of nanoscale fillers additives, and fbers - especially
; additives, and fibers). to polymeric materials yields lignincellulosic nanofibrils),

* Determine the physical, chemical, dramalic strength increases |* Develop and investigate

novel materials for processing

equipment.

Develop and understand

the interrelationships

between nanoscale material

characteristics and the resuling
product end-use property
improvements.

Determine the best way to

implement new materials.

* Develop economic and life-
cyele models for forest-based
nanoscale materials and
products.

(08 7) DEASEHE U L SYTYE BB ZEY 2062

A& £X: http://www.nanotechforest.org/documents/RoadmapFinalDraft.pdf
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Mational Science
Foundation

Department of
Energy (DOE) and
DOE Mafional
Laboratories

USDA Farest
Service

USDA Cooperafive
Stabe Research
Education and Exlensian
Service [CSREES)

hclm‘rr (Forest
companias

md their suppliers)

Universities with
materials
nanotechnology

programs

Universitias with
fores products and
pulp/papermaking
programs

Ressarch Insttutes
and Research
Laboratories

© Davekop programs cround bosic ressarch nesds
& Focw on resparch

& Provide funding for university bask resecrch ond education
ﬂ"l\fmiwihfwﬁmnihuhrwuglms, industry, and msearch institrteslobaroiones
© Digsaminate science ond technology informafion

© Forticipote in multidiciplinary and mulfinsfitufional RAD peograms

© Conduct besic and epplied research

& Previde comes o user fodlties by other mssarchars

© Frovide end other msourcss for besic and opplied rasearch

© Collaborate ‘coordinate with ather federal ogencies, universities, research insintesleboratories, ond industry
© Disseminate science ond technology information

-] i d mulfingtitufional R&D

‘wb&ml'iﬂqﬂbﬂ'rm programs

P mmmm‘ sesources for baic and apphed RAD

:w:ﬁ'mwﬂhwfm ivessities, ressarch insitutesloboratories, and industry
W

© Disseminate science ond technalogy informafion

© Develop programs to meet bosic and applied research needs

& Prevvide fonding for basic and applied F,E.D

@ Collaboeate with/coordinate with ofter federal agencias, univensities, ressarch initutes lohortaries, and ind

& Disseminate scisnce and technology informafion o

#hﬂqﬂalnm and mulfinstitufional RAD

:’ﬂhhhﬂw m&mm and urivarsites
oPmHapu‘l for R&D
& Halp guide RE&D inko fruithul commercial

awnle nﬂﬂdw o

-]  nan sERneE o

& Porficipate in mulidisciplinary and Idﬂrﬂhl«%

& Conduct bosic and oppled research

© Provide oo to fodlties by other ressorchers

© Train shudents in nanclechn

& Collaborat with/coordineie with othar universitias, federal ogendes, research ingitutes/labordories, and industry

© Lirk with unbversifies with fored products and pulp/paparmaling programs
© Disseminabe sciance ond tachna logy information

H‘Iq:dulnmliﬁq:lﬁ;mdnlﬁﬂrhﬂm
@ Link with basic nﬁaumﬂ&mhml m&uﬂm; research instiutes,laborotodes, ond

ocmmwmd
& Provide coms o by cther reseoechers
© Leveroge resolrces as appropricke

& Engage mdnﬁgﬂdudtﬂdﬂhnhmmd’l
& Train in nanclschn
gy ifformafion

& Disseminate science ond

© Porficpote in mubidiciplinary and muliinstitufionel RAD peograms

© Conduct bosic and oppled research

© Provide funding ond other msources for bes: and eppled RAD

© Previde comss fo fodlities by other reseorchers

& Colloborte with/eoondincle with other federl pgencies, universities, other ressarch insfiutes/laboratories, and
industry

© Disseminate science ond technology information

© Forfidpote in multidisciplinary and mulfinstitionel RAD peograms
& Condud bosic and ressarch

& Provide funding ond ather resources for bosk: and opplied RED

& Provide soomss fo fadlties hymuuhmad'm L i

& Collaborate with/coordincte msearchers, universiies, infity i i

* 'mmﬂ ngri' un re insfitubesslaboratories, and industry

(28 8] Al=2 AEHME

NS QI LTS AT HET| T Y

W&

X2 &4 Gen Publisher Inc. A Mary Ann Liberty Inc. Industrial Biotechnology Fall 2005,

vol. 1. no.3. pp.166—184.
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v Fe| M A AA G v FAUA R A EE D AGAUA W) E =
el 2000 6801 HEANE ol 8T Hells meal v9) Agas Biag
ol T ugonA AAAS FE %9 A3 Aol Ug FRA S

% oo} ol AN
t}. obAlo}

O dE& “Green Composite"gl+= Ao 7 nlo]leBalAs #Ad LA HESIE 2001
2y owpd AAHE 2 9o Aucre; 4 w 2xdult}t 7)) FH Sk Canada-Japan Workshop
ol 1 "Bio-Eco-Nano Composite" Division= W= §935le] vlo]oBEstals A7 A

Haﬁﬂ' x%y_ 5= §j—1:ﬂ— ] ;ﬂfsg %%1.

o

Tcr}muiusy Met New Reduced Reduced Mew
Platform Revenue Energy CO, Jobs
{Frnalbion) Consumplion  Emissions {thousands)
(milliomns of {muallions of
barrels per year)  tons per year
year of CO,
acquivalents)
Advancing the 8.849 175.72 153.70 166,70
Forest “Biorefinery™?
Technologically 2180 16.56 760 218
Advanced
Workforce
Breakthrough 16895 313.02 41.74 -10LD0D
Manufacturing
Technologies
Positively Impacting ~ (L416 3998 14.00 0.0
the Environment
Wood Products 4902 13.67 0,00 20,00
Revolution
Fiber Recovery 1.200 13.66 10.00 0L
and [THlization
Owerall 34.442 572.621 227.04 376.70

K Source: AF&PAMOE/Gensight analysis, 2005,
? Includes the value of the Sustainable Forest Productivity Technology Flatform,

(218 9] A& At P19l M dE Atelof et &EAel Tt

40
mjo
ol

=2
[S)

rot

Xt&E: Forest Products Industry Technology Roadmap, final draft, 2006.6
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