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Fullerene Nanotube

ij NO/JOrerKEL KONE& L EIFI n GKOJ TOhONE[OF O&

6h] KNE]l ANél EENKEAhOKOWERT ©I&I
6GI NNT Al T arOT ET nNEee] e NEIF AGKOJ T
ElF eh©0J ALl JIT AT NI NEéil NIKoel T Ok NT NE
OEKNWI TJInéoel eched]l KinOEKKBDE QWM & &l |
AAET ART EKNT I T ENKOT KiA] JOEKWI T é&n
O KREI T I nNOEKWI T JIneéel NIOEREOKEJ N
JALJT AT NOhnT Gl h@NIréhindy Gig B B @K NE
i NhElI ®h©0enEehO©JNENKI nOEKII T ce]
Lndj ALOYT 66 OEEFO8ARNGEUIPIE NOTTOT I

OEKWNI T FEeGhaOs] RI T T nr EElI | K|
EKNT I TENKLAEGOE&KNNI qQOEK I dhrinw h BO\
k cr®d gnipl OE N KkkclaE h @ | gfal NNKTIOad) Gt N BEERKEAT SR

0 &ATO@KkgaOk OENKIMPp GO EMNT QOEKIJI T
I | EaodGohkaple& j Op ¢ b@sjaR TgTmd 1O kONGWRITIE Gy
EKNT I T En\vKpofi NwWdoak NG FONN T Q@ E KK b & 6 |
t _nmp Ob cOKMyEN Klmi B GOAKINBN I QT n ceh 66
&ngr _vg_j Oe|n®D¥K ®ml Oqgj gaml Oa _ ¢



. ~ ~ ~ ~

ENKLAEGOEKNNI BOEKENE GBEK P& 8E |
pcbsargml OmdOep _nfgrcOmvghbc'

6h] 6 KNr JENEENKI I EGNeeh GQOEK celd
' I EceGh Ol J On cek h K I E/GIBI rOF 13 OO rg INKEIR
EANRHKRT ERhNBEKeUT Q&I 6 N NEI I EENE |
EoeGh qOé NET AfRWE m oo @) |ON@NGK N ril
nT I TIrIOnNWPEEQ§AT I F EGNOoeT Kk EOO«k |
Ol hnéenNk OLNINKT | kKNT OEKWI T cch ©6 ] K
KR énHijNI helk] EIl nNTNEENKN O] & ¢
LNT 81 Drl &t BeENEENKOE RSB 6 K N®EI @b

ENEOEK @I (]]I I E ceGh GQ]r rpE '@ NI Ha Ta

~ ~

KNT n el & eg§inR] Eoieniioge/i E esh

© — = M M«

@)
RO
Mme —
[T

7

O O OH O OH
Y :g'-' == OH
10 P g&%(
HO O HO 0
O OH QO OHn
e o

ij NO/ JENIK® A EG & KNNTI QOEKIXY 0O EceGh
6h] LIT AT Nelr EOEKIWUIT I EceGhQl AR
Ok NLJIT AT NT NEé Tl NJI KNagH wd @Rnt@idiog JogidlJ R
IJNEénRI &I EOQOEKWUIT Il EeGhqOl NDr E&I
GTI|@UU+NJNEEinN6“ KIJI'T O6h] ENK] |
6JFKQTlnrJndARir & méﬁljm Eed a\N| IR IREL
éEEM@ILNJNKuLKN @mhp & EaNedE IDIOE K K1
0]



~

O/5E NTT inN &Efigd U Grod EpOckj r cb Oj grcp

éNE NV @ oNié @ pe - EBrtREOMBodF NG Dr | J &1
OGNEEk&FIEIiALAneéel 1 I LANE NINA MK Lj NE
|l M NBINEGR | jONmjOd &K@ S §E@KNmviwE 0 |
6] KNnEEL Ok ® mfimgENKDS B @ | P2 it llpde i@ dp o -
6] RT L NK @&yrbl _Ixé&nj &8 OGO § RKEENMKSIOK Iy M- |C
6] KA] T 61 i RicE f Twh Nrkd@§ jSdvabKaom@niFlp Bb & | BRE |
ogNrJeil NET nr ceh®8NET NEIFnT LNI EK}
OgNrJ&i NEOGNr Ei1 Né& NHIRING NNEG@ I W\ (T T
IKENKTALEY 1T npNOSJ NroeladOeN (7 &GO I2ij

o1 Nr JenRINKIFEehNEE NEHhOKEE] NOi k NT €
KN} N6l kK NEI ENK 6 ENMK&E kN ridr H ner 17 jEQ JnK
o ENEINGN KK N{ NE GIfRgoiEior dd,e/f NE

\iscosity (mPa s)

1 1 L n 1 1 1 ' 1 1 1 1 L 1 1 1
10 100 1000 10000 1] 2000 4000 G000 8000 10000
Time interval (s) f(s)

i NO/)J®rA NG T T NDh Ok NKNJj N6 k NEENNKKO®)
& NEE NV gMNGB e GHEG L nE| NENKS1 Nr J
I f NMNEGR | ij N1t T f©rnom vkgiib] gIxscEblFRu@ o Gerp

mj ge mk c p ga O\ @E 8 Irdwijinewi §andScEbA S

INT n EN@INGEDr ES & KNE B teh e NEdbdgi j all) &
_ gty | AT KNGO EORGE T G688 ek 69

n A r -

2—L’-‘Bj_kc rf WJ@K@@mB@ﬂmHCEgoel dq)malNLn
1 eGhEQI6 T N NEnT O. , 5 O MNEIQHN NIKOh 0 XEh |
T Al 6 KBKENGENNESN KKNY TNIQ E§ © ET cEnNnikvo gEbNgh x|



w‘cﬁzmml@mﬁ'gum ENhceeh 6KI B&KR RI®N K E R
Hno o0 nNOSJ Drl 1 N &np K rEIONEHNS § Bl
TNEKKJeI NJ o IBR\JCMMEMLJED@ILT@H
NEEEKNOG FOMp N © ¢ CBEAIHTE ARG 17 1

© 4x10°4

N
x

b
o

Storage modulus (P:
N
=)

-
3
<
-
=
=)
L

0 100 200 300 400 500
Time (min) Time (min)

ij NO/ Jarr rmg B an @ k@ @ Ml Os5 PMEINGDRY & [n NI @ @I J TR
] NO/J@rr rm® _ €& 0 ko@h &Sl O GMENGBQr & 1N G) &I J ]

El Lij NI NT @& r GoéxknN Il K@i dookBnihER | GRNNEENRKKNY § N
& NE E NW | @O \pevr@EsDd L n E|] NENKOT Kn

g n ILHNEIG € K 9 Miin@é& NyH 1eGa\nErE\j|Kmndm:ﬁjné@md
LNKogRrFJ&ei NETArdo) RT JNk Kj gini ¢k E
_ &gMNNE | G N | E NgKcR KNaKO 'l bt @6 vdb @ |g o @ oDs
_agbRO T Al 8KnNE] GNENKINNENOEINGED gixRd ¢
m@NI n] GNE NKNTJTKNE frcTmn@ K& doiyiakol @lfgfbE g
&l NE&NEF nl I NIcB/KRkJIo)bhpdnij Knd 63 FONGERGO
Gr M@ k ¢ | RKITYEIGABFOOBPOIRG B 1 BiKa E |
ENKT AkFEI TI nNOT ArrNeGHMAEBhH6hi KQ
LNKSGRr FJ&l NEgNIT § idinijr NI NSBNEJI fineN | NaJLL!
6 Nr I J&l NE&NH I nOKENEEK KIIE Lhgdhl ek oEd Ji
T Ar INENEOI k nENmar OO, f NEEAT € NJ fién



—a— EO0.5PI
—e— E0.7PI
EO0.5HI
—— EO0.7HI
E1.0HI
—— EO0.5TI
E0.7TI
—~— EI1.0TI

10 20 30 40 50 60 70
Strain (%)
i NO/ A m@ @il OIOALhn ol I KaANFCOEED 1
I NJ T n EKN2?N KOKSHER-23ps | NE O

ENEENAfl N&&QBSHBEM® . nE|] NLIT AT N&

g Al ij N1 & MedhBGNAr KN TE INGBND 8 = g BB © E
6h] EI ENKOT Kn] J kI &NST Knj Jnheol

KNTelj pNE (& aldx Nb@ ey Db £ OTE R 48N m1

[ . *6@3*8M*8Q*8B*BAB@IBNO. 8/ . . ' Qlék BIGHRI 1t

EAT LNKOG§Rr | J2& EBNEK crr rflwi & B Nrilniiwiprig!

1 GNE NKNj N Q6N &ERMHEM] | @NNEOREKENG @ il k- E

P

| nee] 6§ N+ J &9 ANERHE &IIM@M@’]@HEMH@M{EJ@
OL fij B, A/EBKDI NS T ] JENFT PARRDODGNK N

Gnr EE Kk ccBBEKNGKRSHKEBhEYEG NENK Nj N& | EO

Stress (MPa)

—_—



ij NO/ JBrkros®E E N K 6 E NhQ JOMN E E& & ' bNgKratggaNb Bal¢
OreN G r  psmIO: BN NN @ riaiet60E [ GNE N K |

& NEj «k BjNWKiidD &0 &/H 6 & b 19 ndg jaNKNIBEYriHFE |- C

cj ml e &y @0 oisestiiNBEERNEADI O € n&Rjl OrEl @ &
| f Wh Mmm@@mu NI 6] KNNO1 NibjhéamRiC
rd "nKAE|] ANOG | RT 6L 6é ] K E Gplgrar®iie
6T 1T GAl ] OnCijiNviOED Gelg sl I apENRER. & 1F i
® jg b p €T K 6 K G Kbr gbtigéal ON Eahgebl ] O

Q M«
<(Q

|_
p



nk(a) 67.5
28
o 60
x Sl
o+ 49.9 =
= 50 - . =
5 27
oy =
= 40 516}
= E
Sal =
= 253 L1224
=] ‘A
St 2 S sl
A 116 :
10 - 4}
2.7 -4'(’ .
0 0
1000 8020 6040 50:50 4060 20:80  0:100 1000 80:20 6040 50:50 4060 20:80  0:100
Composition of GA:AA Composition of GA:AA
1800 6
- (d) s
1 V
1477 1460 5h o
& 1400 - 1279
= 5
~ 1200 |- ‘s4L 3.7
wi
E 2 33
= 1000 - =
3 839 g3r 2.9
£ 800} £ 23
A 3
g oo 511 g2r
&
S 400 -
Al 0.9
200 - 0.4
47 2
5 , , 2. | , F=
1000 8020 8040 50:50 4060 20:80  0:100 1000 8020 6040 50:50 4060 20:80  0:100
Composition of GA:AA Composition of GA:AA

i NO/ BT @ T N6 ¢ R H MO & ImH ek RESGIKIAIN & n N EFO6 |
break) Tensile stre@tims | e OkdN@xGmERE j s q O

NEEmnplmmm@@mLmElNENKL AED é
510 N1 & NEE N KicoghEy GRics | S nRENGTK i
a®emir gjug ¥ ¢ WHhOaE Np niEINGIS ek 6 {F8 N E

~

S
G N &% m@@me|E|RnJ |T'hﬂéﬁ@m®éhei

KUAQ RIgn | GNE NKNJj NE rak G AGhIRE 1T kI £ Ons B

cnmvghbgxc b &Kgurw & kK idinepir roeg b oGy @ DO «
JINnGNEN Nj N E N K 6 sKnuhAD BRin® T KB K 1 @&l 1etON

K@l NI T & D Enj FI' Bij DT SO IUA@RIENN N NEeH T ¢

1J ruk 0 é T7 N6} g KN ENEEceQik NGB aH 0T LLOE 8 n RT C



80 <

— o

q

£ 2

g 1 1

= =

-~ =

c} H

= 40 =

z ]
3
a

T T T T T 1
100 200 300 400 500 600

Temperature ('C) Temperature ("C)

ij NO/ BREBIOCBNRES® KGMN| KK IMBREDPEEEN T

& NEE N _|pNg8l frjf & pEo@ N & fph@B@Aq n_T i| p<onck
T naj i &t Elbmjlvidmid gNodsdl @a Jji jl v Gk énib jg @ ¢
nmv gbgx B GINKI $ pl iGNl RENmEAg Jo @ X
_r s pZ PR d AT KpNEEmd T 1T oy NErere GED@ [T @ re
nENnKeT Nga j j wO@ ik K d) gkc NoJONKA | fir rkT e
ALY L@N BT WNE MNEROK ICEIRT N rnINSOORITRE 11N
EKNOIT EOk Nél NJ L MPNMKMEKENMREMDD® m E &
L NJ NKT Lokea NEN T A Tni NNEcBLA6l haj AldEr 06 7 OK Ej

— = — 0 O

55 + 195

S e 175

15.5

. 451

g T 135§
S 40 -
2 91 1 11s7d
o P
: -
& 35 - 95 ®
: s o8
4 —
= —8—Impact strength +565 2
S8}

1 —a—Elongation at break | 1 35

20 4 + + + 15

0 15 20 25 30
ENR content (wt% )

ij NO/@rh@Eel NIJTTTNITnl OKEEKNOT EO)
NAPMK®R | mamkin h&KRBNEOF PE N |



2«

I hnoann Ok NI NT A ENK

CONKOoeJnl nr B ©EI ENKIT hk I E
I Rn JjAgll kgheBe BbAGhpa &g N © Bl Ml D dDaK e @gl dLcog] |

- T Rnf ylee ol ORml g Q@I .G O ME DR I N
OFThagdlJTnoKn] kLAQO&ENENKRO] KNOT I

- OE K D BbgG hrgf - ¢c O ¢ B k@hi lgNeJ67 eiBNEN OTK N §
SE RICR F ORBEOM@FBIONST LI NGOk 6 Ghj

- ek 6 h K 6 &fl vl g rikedid |E E rialC O IAOu@] O é
e NEO @6 NjTgd wOPc JekkNaTOATNIkGmad K|

- EKh 13 mkpOkIgNEEGh Sa § @ & ION N T @@ & ja NJDTs K I
Pc _eclr OAKNKBGaITNOASMOKORKb O

- EKK@EQIAG pghONagENOI Qe avgd § KN
Pc_eclr OAKNKBG &I jNOSMOKOHK b O

- EKh cet 6 i ¢ mia KSREE(ER | Noflied GeagalHA] TKINN §
OpcaOOs jgrwORNSGE ¢l NOLSMOK G &

- 2L Bigk cr f wj E kgl khaQigi@nkBDig@ie DN BT K NI,

- E K'h- ifp dy I IHOP0@O@OpEQ hd gAbB B B BE Gl Ih @O &K NS

- E Kh o pgan] nifj KIPpERKKhcl pROBACRIKIABINE (ITO@ |NHEN!

- ceh 6 J FN@yQ osfig@@oeddidifgneig N 6 KMIBCE @ &
] KNOT L cel J

- 6T kOl BERET Mo e KNNI gpe b ROBE KNG

Af ckgal KNBAN I*NOJIGbGX T h q

6JT NE F O] N & aK7NENR ZWDOHe d NPT aAF LC

] KNOT LI AEEK |

é k I 6&fJjl GO Ko é KNNIT @0 & la 0Dk K I

Pc _eclr OAKNIBG AT NOLAMOKOHhp O

I RibEKgirrgli Q& b Ou _rcp'



1,/ ,00ln] EKHRQI nr E ©EI ENKI hk!l E
RS EE& KOWED'00 . . O kAN g 1OM Kk N TOK
| h KO[ gaJmIOg’ia(ZDTé}Tlﬂ‘llﬁllmlpmr\m&\lK NT K

NEOIKOéE k REROMIBIBLONSG I T K
Ik OIJNPERPU Bk Dd AOR'
h & NT rigR E O kbNiBakj | kst OOV
eKNr KEEO&g I NEKSFT 0&
nhEiclaflLJ'G8& j Oqrgppecp
nhErfHE&KKNG I ]
nhl n| EXKSHIOHE RBEir pmiglaimn w
Ol 1&gl NrELjNK O
ndnemica q
- n®ETRN® _rf!
h@[nlct@,(rlﬂ)ddﬁl,{( K Nk NT K

~

2y .z T I
ot
M-
N
pra)
(D¢
e

O

|LK@&$&M&%H%@OO
o

of
[T -
)
Ro(
v M
e
6»
g
H
O
o -
2]
®.
t‘B1
E’J
O
=
x
o
P

[ Y @nhlr]l:i ‘oY oKepd K A EGCI]O&

-
¢« Ot
(9]

2D
_>‘m
n-)r_
Z g
I'I'I<Er
©]
3
5
>
(@)
©

~

@)
FBkc -
D
=
-
&
NP
Sy
M
O
Ro

}
<
(

M
S
(mR
&
o
3
(5(
=
%
5
(@x

N
2o
6§
=N

¢ PPl

O
'O

Op _rmpwOds| | cj
eKDrI:EI@mOrIEIO]lE“ KNOFRA] hoO

1
y OC L O M Oy ¢ O = M @ D¢ O = — = D @O O = Oyt M —¢

.z A
j —
Z
= =
¢ O =
o 0 8,
Z ©
O
¢
=
o

OF T haoK ’Bé K IadeNjL

=

£

e KDr | EOEﬁ)b E-G@DPjtd Kaill @ DN amd d

i DK T 0RK@Io BPEERMNEBN O L ni 1 &



1, /7, 10N KNeE M TIKHT ENKEITEKR] J Ok |
- 0eKNr I EEIfImrNKOT i o® gpréed N Koo'l T O«

eeKi it & nEdck knrFel pj_ OrJsNpc&Oa ml r pmj j cp’

O O T mrJOEay @Y BN L 6] F KI Al

e KNrat IEq " MREdNHeE (ESREFF P RIRERCCSA L 6] | K

OOl Tt L mG GHRrOMIMEBEKER ¢ REKG NOO L 6] | |

e KNy I EKKhd I jp ivikDi §H @@ B HHrEmRpOTP G

KNOTLO6] FKIAI

e KN fl ek m'@d |57 HoB@IsBEKRP T"ORSPP

KNOIOL6] FKIAI

- 0 é KnrklcEaBEl TG OBEHG QEGEKEP A D
RSRDPK)N(“)T Lé] | KjﬁT

1 1
—_— O« —_— O«

Oc — O«

—

R A

O«
-
AN
D
5
|;
f_f
8
-
F
©

NpmaeCNCEOF\WﬂN\l@mH,Kd@DCDLLl Kngl 53 KNEN
1,/ ,208eKNRNr FEINITAr E§OCE ENKI No é
- 0eKNr FEl AhE§ MBI NOKEHT OKIOOPIO@ ¢
] KNOT LLIT NTO3GEKQOKkT h(
- okerB>r IRE G p Kl i@ EREDINPEPIR FORRE RENPOO | 6 ] | K
- 0 eKINg t &E@a alk @ fGd goer gpBnil KAEKOEDNGE T KN |
Cl egl cc pJgK Nedd ALntmi nKeripg IFr Jgomil KON E N
- 0éeKNr El NT DKk cdipi ohckod md G 1 o i
D RG)ATI CPea ¥ BREIKAW® L 8] | KJI Al

- 0eKNrrEINI 66t KAOAEEKO NEaB®E
? BT 20B\CCEOGKGSEI KBNPGA L 6] | KI Al

- 0eKNr I Ei Nobegkd\NaNd pdp 13t ga T j NOmpiNgH édi éNg
BQANEK &Nt ji)t WORImMI &b MiOd G KOk T h

- 0eKDr I El NoeKNND @ nf &iayn [ d & d

~

R E ?/- BEMECT r Kr N [jeiplldaRIml. & b KOs G K Ok 1



2

ExkOl E&nkl KKlLlglagll N gk RREJcK I-cKafdrpim
6 e RNY j- € Omni0.Klg.a@rag\rEa i N O OE i dh gD
] KNOT LGir | nkl

6eKNDr I ET hL lpimr Jpif gl miEchi FO@RB @B E E
T KRI? @G IPgKr NoSsTKLclITrKah g F 6 I KNEN

0OI NT AENKhNnOT NT ENT I N&nAj
ARTTITENKhnoT NT ENTIT NéenjT ARO&|
EmmélNgTNhérELNK gnRrJ&1 NEOI
NH N mmm&mmnunuo]ellleannng

1, ENKLAGBOleKENEGN RnI AT Kk NT L Ah

ENKL [ E 6FeN<ohhNE NI KRNERFREEG- e iNadke Hiag)
| KNE& I mBoT BrOJ.NkKEHRONEn O nE e
OJnol k&H KN Bk ebosT e NEEGE@K BT B IRINJ
I RenNIT AL h ) REK NHO®LInhed | H B59 TkEXE JnlT NG
13, 20EKNEOOKk BEOKMWNEGKk®WNIEMDT KOT n EN
L(éjl’ E K NT A AlG) EgNA KgniaeE] K- B NODIANH O
3O NI AOENET ARI '] hte®EKKRD & BOEIS
| KNT@E®INHANEGONOF Oh 61 j6HOKIRKEN
|k n K ] SOEDNGRHLINNG ot N HR 5] Oyl Jd afid EBKNINK O
7 nh | EGNNKENHKINGENEBHE /FE Jj KD1T M HL fHKIN K G
EL n E Ki ]oH NEhGENKKG ] LEIgenNR T KNT | n NE ¢
I RnBEE @inieD@D 6 OR | E kX rErkKINH mt
L N K& NRINESRNGSNHN BRKEN € Ah T Rn Ok N
hel ] ENKI ne] EKAr 1 KNOT j Fp-nirh el v
ct _ n@Ncech ebRel BORAK @ )] DRIGOE |
q nma aPmnigvril©a rOp RilgB@rPrON W ® N 17 ijn rEHER Gllch B
i Ng® Nj EBh oL ij NI NT KK] NE NI teEGSNK & ¢
EINENE{jNI Tnanro1, o0

T



YAAIUMUY ~~~ -

(condenser)

1A50ILAINEALUUUTUAUAY — - - - -~
(pressure-equalizing dropping funnel) :"'"

————— waslufinas

(Thermometer)
YWAUNAU 3 A —-------
(3-neck round bottom flask)

_____ wiaslaanudou
(hot plate)

~

j Nl(ﬂbﬁEDHNT NFj-EﬁmahijéﬂN” RnJnl K

N
|I-Tn|ﬁTTG]éI-EIanr’1T|Dg

| |-oéré@“qo1|§n

T Al I jof BT R dodhfons SNGEFEBIKE N H J
&l NE& NEI-i)lh(Nﬂﬁ-liFﬁ’taidVEjl-lf{I@G]mEI;Omc@T K
I arF ATIKELYQO A Bk SEr-or) RO noa. |, J3i
ThAl 6KNE] GNENKN] NENK3gNRr I Je&l NI
6] RTOT NRIohA]T I EAT Opmm©p i q i ¢ jh €
Y? PCQOE B @R ? O 6 IE dNa& fr bHEGE drarRaEd ! nf | AEhk



ENKBEIdKhIHMPa gj j _ rigigr@Pe B ©®O g p
dpc @Ed InGvg 6o\ E DT @GH AT OGnr E& N
& IBNE n H I ADONT) NET BS Lrijr NO /NOT . K] NE N L cel
&1 NRIGE B § DaINMEBEenp NE di@lomxsir§d @) k-

1, ONWE] NI NT T NI ké&FEFnHIijONROEBNI
EAT FT ni nTl(]]eI-EI RnJnali1Ng

i [ RO iNfoeh B KGR & KMRI KGR ENKo6 T N

g NI hEBIRIKINIED | n NET nEt BKNKNE Ok RG

0T DRIFohA] I EnT OOk ©ipimy op|if Ighmdkl cijr 1Ol

Y ? P C QOE 06 QR o=t BRNEE g ikidK FiOOF 10

LJIT AT NENK cel kIl OhOk ERlcda B § K 1 Tl QB lr

#qrpk Ng@ Op O@ Bk @& Q dquad BlObJodn i

ij N7 E&T ©Lij NIl NT KKj] NENLcel 6T K6&T O

6 KROOBD 0ADR N AD KN 1ONERNKFONE NE Rr B O 8 |
ENEMp _ d QMO @) Kk Ece] T NJ

1, DBNKB] NFNT 1 N1 k2& <BEg kKNrJ fNwA T TAR ¢ K r

Tnlk] GNENKN] NENKegB@EAEF NEKNT 1 G

1, ENKLNE| NFNTITBK XN E] KNINHT nli

ENKL™NE| NFNT T BIK &N DB H) NN BéGH TEC

Ok NJné&nh!l ko) ORBREP BRE NRHDP oD& ¢
6h] 1 RNEKHh&DOK & k& fo O & KIRP&RN O k (
0. GIENINMNG NI J R T 0@ Il &mE ] d rEN]T El
ENETjnIR Rmmmlmrmlqmmpmmloqam«m NG i
KNKN] O] RTOT DRFEFohAA]T I EAT OT nae] 1
pmr_prf CcMEKkZTR OQPOEOS@RAOGH ENKE kb1
amllag drROFT A LIT AT NEBE Wikgdalgy @ O w

r g k c IGfggur@opc Mg®@ <Oj _@ EOId ipdc @ op B0l -Od
T NJ k nlhijaiiN KOKiT Ny EBIQ60H T 6ijT OJoNE@EACERNNK T h
1 N &) NKKNBIKNPHRIAD 6 I@Jr NmiNpl._ Je@cNOEK o bksj 1] gl O
K NojT N N



2

1, & NXK-&NhiBd SR & NNEok BREBYGI NAT T ki Nal TLTRaghé |
51 Kin b J E rikioed IK® 18 ik B @n & N kI NKjiT N

~ A =

N'TNoBFhE GIRE Noeh O NKKk NK N7 j LI T iy

| IONhiKk m@;dﬂ)m@RPP*CCHES@pH(R_IIKVNJ N «
geNNE T6RIREKG LIKEEI OJniLRST @& K
Nh@Ixp 1 @ Ok O KV kNdRE @& GITKTJ o) BRAK 4
] NoT k NOO O@)iH 1T ®BEravpEIGAAEI(cn
p 16 1 NI EBINEERNL. GrOug NOK Nvder't 7 i Birivl il OniD
K K NT NKQOd|] RT KNj Noi k NOOOGAT
nl T AnEéEIHE 1 OGN GENOKIN K Ik ic &'
HT ADONT N /€0 ijO] NT K K JLMEN K GS&S)H R IN
nd NeekR BN AR OAT 7-Qé&lFET RnJAT 1 NG

N N e A ~ N —

BNRD| Nj k&t Eﬂﬂslemﬁ]lﬂlﬁliﬁlt\llﬁlﬂtl;ﬁﬁ@
INf | 7 NIos RNEEQ] BRANT J AT T ki NAT TL
6 ¢ K el 15 QNN NEIO T & |
ENKLnEodmmlecq;]Nmaemﬁzuﬁx
ENKKNGIj O @&J &INAnH IRB§ W T@ (L
4#BFKIJ NHOG6 2 OBRNK @® &L fh n EEKD B B
68 6deBBO] E N KIGKING KBRNEKENG B bi, I
msFeJc@ﬁAm/lKN)J MOEKNAJIJ Ol nENKEIT T | Lj

7

ghr | 6J E CoshieE Tn rER T TK iNTNH NIfERGEI G © R )

Fﬁs ‘% 2=
- :% .
s [Tk

y /™

(

Ve

EKNanE@@NOGaneNoKNrJeNElnE
el 70T nl Oghih K@D & K I flh EOGOK NTOe | 1
EnY 81 h EOT EXN BxKNE@EDIGEEK i 7 L K OB k E ¢

>

LI OT NIJheljIj]hrnEKRIFKQAJI@EWXIE, od]

rJhO|nENKE||1LJ|quEEmmﬂummmu
LNKj LJ XDk @RI jj OENOHK ©& 1 6h © K[l |
KNG Klrcblj @IT N K/ kGl 1§00 &l GesLT N KJj hrd ¢

ohagnl oEORIr KN jIGONEK NN Kl jkNn ] GNE
FnHElijOoJ Né I EL NKloghBr A wy BN B

>

=N
-_



—

, d AR
@ I deneEd)| JTFRNI
NnENKKAHhEN 66|

— L?
@.
[,
(D¢

~

I

J

I E

| n E K RN K &) Ik TOrNEERSIN TBRBNTE- O BN
E BV B @ IRF RN ol MO TREERINEONEG Il N0
N AREcl 6El 1 oehEmp &I KNPHOD
ITART T noe] KN6TJ 6J1T NI I Kk Ok NI R
I WITIMGGN E DK & k& k £ gerlt N\pIBRE dllioa N .o
EKNT ArETRnITnEE PRSPOFNT RO
L KO FHEH Gk Nl T ijosih © & N T napeeyl 16 ERS® LEH |
I NENLoel 6T Koel OOk RE| gNF NE&
7 NENokhkEIG@RNTANE hn Eij N1 T inr O1, 1
NKINJEK BX®O# I KAJJ NEOk N efEG ® &D E N ¢

K KIFINgobH BNGID

—O0OZ2>5Q0=20Q T M

—_ - ('D(—<C>(‘D<—2(-D<—|xnl_l_l(?cj§
ITI<~xErn

o | KNJ NISN T8 ReiEGEE S T
T aGoon |t oK i
X, (81.;59) (1%).42?7 g)
Fhimed G100 e g
= (8.2259) (2?25.20 g)




E
&Kk oKIJI KIaR M k) mFEqmlmrmjﬁE] HOR I &
KNJ N6 kNBE KBS E»H@Kl@ﬂ&l-mém”cﬁ}om(}gnji
T KKINGeAGENG R E ce] 6 K1 I Neeh &SREbheR § N
0. ORAFERELANI NI F EGAOKGNI

Z<

zZ

Py
-Z
—
—>



=

"‘p_m@‘——c —_2

B 5
Q ZO<L'>_‘.@Z:':,<ED‘_‘_’*
|T|<

G)(O('“— Z« 3D

(D¢

N1 | EEGMTOIKIGHNIT iR INTE®IERIN B 11
|  EGNoeh GQ

1B EREAEDH K N K NNed NEGNN
, I Do NET RN BN BN QK G
| DR & NemEe|RBK DOk ®8 N BIENKIGI
Nk NJ é Kk T ®0B iKTGMIGIN EGIK ¢ K k @p H T ¢
ADP NI hATOOOR TNO [ Kb BED B K @INES E N
[ ij @ JMDR 6 | Bxddji BB @ O@GEIONS enl ON J h
CK] NENLAOR h O ®im RE K NGDh B 1 1001, - E
&1 | EhLT Nk (RInK NG KREEONIKER T KIhL ol KK 6L0IBEK ]

~ N~

I\BEIWI\NNOBI(BOOK NoJnRrleéeKY ol k NEI
Bh ékcrarf . B B & 2IPNKSE R P P*ORS P |
() w i NP ookl BRI KKNTawRoHE Tk ANBDKOj OLg ik
1016 1 1K d [T ki roMOIKpR7IT B3 b\t 111
G- gL NI 1pJ) RE TKAI] ®6 1 k NOO O
OO T MA GGNEK A Kk REpEEHNERN:Lp Ox
L(N(“)I’ KNpOT "M@ NN hifnODNO®I A% k NT N
JF EI NENLOkNT Al T nkNkNj I EINET .
TOLTHMEOG N EXNOK d kik d p) e IESEINRQ./ ij O
NENL OGS | RThkgN NN d | ExGN @ GERINA ré N
A TTTRa &3 AEET NRRIGHRNBIGRNGE T KK J g NT N
N1®EkﬂmmmmmmmN|m£Emumm@

HENGM KNl N elNBGNRhdnh k NOBRET R
®EKMEGGMQEH&%neINJ

KIEBGh ] KNJNT KO/ . OJ Nk k N|
RTTNnENK] o] T L KK KDRNRI NN K
KKNKNT KOELNKEEI Ikl @&l PRg
RT KNJ N8I Kk NO/ 30T NIndkDB NE T
@ ME/NHENKIOT]T EGART OEKIJh NE

HOBOBEY MR TKAEGNEE k | h G h ] Nh Oh

o— 3(
:1(
—)

O((—l)Ol_G)jx\:
» (S T &b a1

@@s-

hjo
.
J
®

O OvM T T O T o0 X O !

i
N
W
|l

— ‘x OI
—| ‘5 ) 'X CD

<

—

7

—x O a
2 2
M © O M —



I nENK] P21 GRIKN L OE B RJELON K KON K N j& |
ERMEKNE eeGOHK & NEFHBE HIAEH 6] RT EKNE
cel | I cel @&DOp BN K DI iNBR | ®POERB D E &G h @
Ok NgART T RnpgiOHER R K& N& b KRIOKBOD!
nEOELNKKk NN KebhFEo3G ) GNdEJ@ 9 TORRIDG 1G G
YTMO. . * OKIc ik k Ic Agiri FNDIGhEAN ©C2/1 . @ JON K K
gnr i OFEK®ERSHa@OE 6EOOk NT naee] 6 EI
'k NnESknArj Eel NIJgNRT & I NENL
1, ENKIKMEHEGH OKGNT & NET R®Jir 1J i NEIN

- ENKd(IKN\FK]NJjLO\EKIJI I I+ EceGh (Q
I "OEK KW E teGh 0] IKNNIFNANG 10 1D 1d ik M N B K
Nk Kk Nk NT KOeNET ART T n@H K lhEHEEORO
NKT neel jLJhe®iAb érkKrdQ@ jEm axgjdtg &
_pIOBRRIT KNjeN adh N DK Nk INif OFEK®@ | 1
nel NJoeoahe SOYIILFNO.E&3 EI nLhr
- ENKE@NRI KO| I Nt I EGh 6 K G NI nér NJEil ER\pk
OEKII T I EeGhA(
I n ENK| @BKMNKeGKGNE teh ERGNGM T €N
ITarknBljOINIoelrE&l L NKENg DRI
I noe] KINDKINEMANSIT 7 {0€ KNt | E FFx@h rET1K N
F ¢ ¢ bOrEjclrpikri@OaEft @ T K N @ &iINK R 8 0NEG h K

AP ARl

L NKj L J B Kinl o8] RgCBINSHEFBIRE O N B IIN

hoelf ok n@CIEBORPr _j * OSORR? GRS NP
gne NEUIERMK|) LIk EE OJ nll NI h «dd It
| 50216D1 @ Ok O EG® N @& Mg LGN KOj N LidD | aNeBIT 1]
KN} NOoi Kk NOO O§ rHl iT (0IBOTaMpESIGANFEI Kl i
Ecp 1 N BInNENL KOG NOK Nl if N 8rihil il OndD
JNk Kk NT NKQOG&6|] RT KNj N6l k NOOOGAT
T Rnl'T AEEéEIT® rl Chidyvari M rGES NBEKINE He Ik Tc &

© Z M«



HI AONTNEI/ @L jONI NT KK] KENL Qd | BT
NET Rn JEA TkINIT vl O & IRESBIRaN @G i

| Noée KNNT g0k Nh MitdOEEGNqP N E k K K |

v ~

-5 Ny FOERGU E b GhhidJpOEDXIENE NET RnJdnl 1 NG

N il N6 é KE L KmdNppd diigig coé@p fpracebl pjmd Taén
iGEar pmgamnw

T RNIJAT KNT LAROTI RnInl kNI LAhRLE
| | EIGN dek GE)BO & Nh@iQ jEMNIOENK I T cek n
ONNLIOOKk®Oi T ne] ERFARAhOGI] ] 6eKNDT
I noe] I hLDFMGHED B6TROBNBESC PEIOEIC Pk
ENKI N élKJENdgrayu Bl daxcd@s ka).rei@ask | 1
L OET O100LOEI
1, BN KOLOn E 6 NBEHE KIESI@éJileiN @k &eKR'r ga Op ¢

~ ~ N

I RnJnl kNN R B TRN B 1 KN BUIGHTRIEON
| n BeNskr NekpN jr EIb@D@ Elj Imip KariNDEp! kGRS @

OE
N KT h L kL kbpe | ol aedd BIB20E BE& O @B S O (
cp

R
5!@

EEl GRE E@a7 . Aypffgkdy KA. BT NKNB | | K
o5 h Jlceh ©é NE| k KIFL &IP @ I T Itpl_1j rO
AELIJENKI Arh©ONI' knNET AR

KOl ] k NIt fod G j& ¢ (E'mg%h"@@.g.bc N
1/93., 4
O O KkeN@ONI O] kKi Je E6ll KPO®maian

T n GlflcnkEal njAdegm@yOdBOERIONDT kK n h A T
1, BDNKIOn E| Nhéed KESLTES NEFON g é Jnin w O
LNKT Al ] n NEN oeEE &GN k @iOEESKhID 6 1R
I EEeGHROT) OV T | E @ TINfoe) jl NNETT B NOK InTT dekiNin
I ALY w6 lg ndcl aed BieGosd @riga pGQLMRCP P
GBP S| CP *® Ba ¢ Of dvrO@IkOr. En k@ E& ] |
gl rcepl rmMyxMIEHCGEKIOGO K@ | NJJ NI é«



~

1, BONRIONE] N1 kT NE K K-INEGKE G T 1J18 ) INFE]
ENKO §HN I BapNlii BUBBENE G R A T Al fKINA | T
I BKDOKA e rp IBiKE NGO ENKN jJNNM@ KNNT q]
pmr pif g:rrﬂvwcm@q)OEOS@Rr?rObH FIN KTs ke
amllog 6 rivkOl & BT 1 k TONENK KnJEENNKK 6haL 1T
I hiL |<mqoa| gij j _ f#Hqmid Nogekscj O @itdcpmc@ s ¢
35 q rCpONg ® ObJ-kan h A T
1, BNIBIONG & K@l 8l I qng'f NOF EyOHhE
I ngNRT ENIT 6KGNT T ANO] nl\émoeloa
Eg ipN REOP 1 1j INIDBMD & Bl i NO @@ ©BL fi J
oe KNDr I EY IngBre2BNEIrl 1T jNoOd QR D) ¢ b m* O(
1, BNKIONG é KA P b d & lghIO0 & RIE g rej Ni
6h] TngNRTENITTAI I nhNEPBMBOGN
OV i f Onphe] OBHOS J NT ROMIGR BE N &1 L Iff (ND N
0@k Née | NI RIT LAJi AT 1 qO3.
1, BNKIONE]I NLJIYT AT N6 &N EE w@®ig rcedN Tcégir N
ENKI ALEFT &N ORKEB GEWNES NT K§ N
g NRJ ENK @|nd4 ;:ngmecummmn NBRBKRHAR ¢
el NITT NOOk Nel NNgNI PREN@ONEE Iy BF
j c@é ERQGNRT ENI O& NET n ROl & 8nog) t 1&gl
rcqr gl eOk - a7 ¢BC Q@Y GHiD®GBnik KA KDONBLC
i DONIFAT KRNBKRY JEEE PHEH NEDBOET i r
el NJgmd LnJiral 1 qo3.
1, BNION E| N L&IfT cAp kN T jNEnrep nNndcKperkw O
TTONET KKJ @ Wiosl GGNBEENKAIKOE § N N T 1
Kol I BeIABYdiQnjr ¢k OR & & bod Mo urgd x
ij N7 &1 ©L ij NI NT K kg ABFINADOAI 1 4l TOK 6keN EON
KelAkgh . O°

B
N

«Q



1, ONKIONE| Nél &Jachki] OogNEEIgNGK @l T

I OQEKKE beGh O] NIEN ¢k B @ RE KBDBIN K ¢

Ok N o KIENSIFN E| NIKBI A mEbt § BEERDT B @A

Rmj ¢ b m*ijONQ udgl rextcijpN| NTbKKG NE ML cel 6
TarkFAT KNNENKE ©él NI KOl T O/ . O°

1, ENKLOE| Nk nE mBNT MEME®WgNT I NT ] N

ENKLnEINKﬁE@ﬁKMEBﬁmm@mmﬁm]
K KNy iadiil EGNOSOKEBRE N KT h LQChkaB] P 8 Kt
| |

gl eOcjcarpml OkgapmgamnwO
7 1T n EN KN KKOnN &5j gaNNRBI 7] OMRENEG. N O
@I’H}ELNOOKNI ne ckkdE@MRhhBON] N6 Ek
ARI T ng NRIT ENT ce)]jOThEBmRIEINEL N
E & NE E N KTl fglglj GdEyrkoerd nitisd INahnORRjoeifJ |
Mg O3 . . 061 NN

I 96 e KNNT gl Ne@ N6 6g q'0h Rk
elJOKelEjKENthL|
|

T

="

7

M ~ Z
\.Z) o m(
—_—

~

A Me— @ —~ o g

M OC A, =

W K

-2
ﬂ?

B K

. s ~ - ,\N.r]

W @ KINMAIGDA KEG & NRB J HOiw
Lnl KATENKOLRE] kT NELT NT NOG’
OrIJNETEAT OLREI NnNInénNo G
enNoOGknr]) OTET qnNEEAT ] nN

n e
MIcC)u
A

¢

(@)
o¢ s
—_— D U -z

E
D
,

I

n

—_—)

K
E



Linseed oil (LO)

Natural rubber (NR)

Epoxidized linseed oil (ELO)

Epoxidized natural

rubber (ENR) [

Crosslinking agents

N o — -

Temperatures Catalyst contents FT-IR
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Graphene oxide (GO)
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Bio-based epoxy resin

{with ENR)

Bio-based epoxy resin

(with GO)




iTTnr 020

i KENKT hkl EOk NI NeNKHQ]j k E
El ENT I N& Al N gniNESGNAT [ 1) BN TN ERK TriRYEl L AT 16r
HonE &re NOTh NNKL ST 0 Oh KOOKNL NKOJ L
Ek E hoNT & N&hE Er/HET JENA T @I@Mjlém@
FIRIMBTNKEENKNC A E 6 € KNNT @ Olkod$h IENGINO & |
1 IRTIET Nir EQ ONQ ij INN FITER K ik BGRE h J B N &
I Nh&FELNKSGNr pLIBIY NEOT wiE !l K @
I NNLJO
AIRTE NI EOLINOE N K L i E
IKNMMWHMHEIQNEE I

N = ~ - ey N o A N N A

emwmmwmmﬁNiTNINﬁMﬁW@@MﬂmN
OTEDmXNEBEANFFEéq] KNEFTT NE :

[
g

—I (D¢ O«
= M e @ Z¢ B
1 O ©» 51 51 m(

e K NINN @fDErdN N L

OO(

NEdeJnoOei

KelT OOk Nk nEI rmmKré@”ﬁr@Hg NT T NTJ] NélI E
&ln Iiv?TTETI\hKrLCIZBeCEIHEd(IIEKwG&IGFDCﬂ)s(II@E Bl N

I I DAAGRIGNT n  Eeéeq] KNEI T iNEéejhOéi
KOl T OOk Nk nEI#NKEBErHg NI I NT J Nél E
2 ENGEENKNL AEG e KNNI aqoRleeRERBNO&T Q6 I E

2 HNKLHEO@NMlB(H]NRanl KNT LAh
ENKL Ed & K\Il‘iﬁhlﬂlﬂlmﬁ\l\ll nnlEKNN(lLLanF’OG KT
E KN N6 B & #MOgb '@ rh g r&IK® rog#ldan d rd siip© ce Jenpl-

ij N] &I T Rn EMRIH& NKIanJ - GKNIE \NNKENS O BBEET 0T K 1

O~

EK NjI&NpeBFREQOGNTr E&ENJIRA el NJI nl Ecel GEI E
i NIt Tnro2, /



o

1]
HCOOH + Hzoz H3z50y (catalyst) H-C-O-OH + HZO (a)
_—
Formic acid Hydrogen peroxide Performic acid Water
o
Ww Jk/\/\/‘(?/\i)’\/\/\
o7y oy
J\/\/\/‘\/\f\/\/\ Jk/\/\//\?/\?)\/\/\
A Eo o (b)
J\AAW )k/\/\/(([)/\/\/\/\
o o
Vegetable oils Epoxidized vegetable oils
+ heat +
?
H-C-0-OH HCOOH
Performic acid Formic acid

~ v

i N2/ 6 N BN K N j I NEGNNGEENE: NG NENN Kapl BRGRI on) 1

~

| G N ERIN Ho SN ONoeBrEa K oN Bk EQm & | E

2&&NK|NHQE§@@@EE@EE“

& NE| kK ENKDRIGIPTOm @ lc & & R el K dénn NIOL i
| F EGNBEBAE|l NI TAr 02, 001 71 nNOI Rn
1. a X N@/KkBB 120 h E AR 6 & N@ &A1 SR @&
qrp@n£ﬂ@m@mﬁmmmmmﬁmﬁmémmaimmmmr
| N N Ijl\Dd\I*EE\IﬁKIN\Iq INdeH\I@ﬂUEﬂeR\h[JKnN EKG\IInLer

heérEljOnMﬁEE@@mp@mmmmmmmmﬁmﬁq
TKNéiHlnTN@@M@@D«@K%EW@ME@Jd@Bq
I E€ Q] KNE® h § ERH cRoN@fd RpRead® hn E N K L
6T Wrdjnd NBeh BGINIMNNG i BBIEN KRG RiOKMNI k N
ek 6 h Ko é 1HhKGHUREﬁxﬂﬁnﬁﬁﬁwﬁ®ﬁﬁeéﬁﬁﬂJ

EHNONN] | EAT 1aDk@iNn G Tﬁré%&ﬂﬁlﬁé@tﬁﬂﬁéi

E
Lnr TAMOEr dnNegp®@N & OB L Ko NENodROEKEEN) k &



3008 cm™ 1654 cm 830 cm™
=CH stretching CH=CH stretching C-O-C stretching

Linseed oil

Transmittiance (%)

T T T T T T T } T Tl T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800

Wavenumber (cm ™)
i N20DREP®lgBELC BN H n Ok Nk BGD Ok NI
ENKi NLO&T Q6 Ek i | oI \NEKIRT 1) nEod K

n ce] T h LORLY KePEDy BENGKIN &H 18- 6Y TH FUENIFDOI§ ThiEra r p
RnJ Al K@T Q&N OGNMEG NG GGNFOENKIL Ar T O
5 1 KTl jT vO@u F OB L iigr 1§ O n 1 IRAIBLaM OE E
FrBENGI T GAAENMD 61 K O 68336 @OYE ayhdrr k
3' * 00RO B&ORDNAT OOk NI Nr 1 nl
nJ NL A E SHeNKONANG GIN &1 Neb N EEENE- IO i E ra Ir 1p
Rn J NiobBIENANSOI nK R GO O&OGNHEKNE GOI
nr JNéNET pioNs'n GO TkaramRk QiOik ING& K 1
A IKIBE®IMN By N E I NeGWE@E-& AMBE IRE @hIOK § g E |
q f@Yodr § N Errmi@@ ‘& 3 REDKENNONGk® NG @ & Mk E N K
enlf NEKNJ NAO RO J Nfosh REROHRIGHNGR G HECHI M KT
6 #D3 heék ol EEmSIQ BN welh B KE NKL n
] KNJ NN@G EQHRDIKEPEOE ¢ k H 8@ h &K gGk N Oq |

Oy —¢ —

—l = == >



i MU

1 AN
8
1 121
3 0 U 1

T T T T T T T T T T 1
5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm

ij N210R6 K ©O § h' E@Ir B A0AA T KR\l BIRRENESONCDediNG ¢



T NKRMETcikrgak NTOQO Ighdy& B KEB K ®NE & |

4

| INK ceh B N ARL sPBANEST 1 Né O

at ckgq np mr mi (e 30 r g mi '
& n'k p q ardg _J
., 66 AF Rcpleg | |
0 o . .
/[, 3 -0 mOc nmv
CH2 CH2
0] 0]
/|, 5 . M bh _aclr Or
CH,
0, & N AAF ; AF
0, ; AAF - AF
o}
0, L= A Y AMAF: AF
CH,
. :
O\ e M bh _acl r O©
0.0 ch, 1 bOml cOa
5 :
20N A bh_aclr OO
0.0 i, -1 bOml cOa
0, 6 |~ Nl X M- bh _aclr Of
CH,——
22,2 F Mmd Oej wac g
CH,—
3,03 e N MA@ pmr ml Or
| AFFAFND Oacl r |
3,1 CH— . :
| ej wacpmj C
3, 4 Ve . AN Omj c O




4

ENKSNKHN T T O] kK Eb mE & |@8l @oeaaEil Kne
el KEknoG |@<KGNHKmrmmh|smﬁnNﬁmmmmanh
P _IQ nlc a @pingiaNKniiw KT 8L F T ENK] DhT hé
LJquwwgmmmmnENKolamm’jn\jjd\,;mEMFﬁEmn
® FoRPae G P D § BNG [ @ INE&ArEpj NO®T_ky 0 2
ncar Ed RODKINKRT RN ciBEGEN NOh RnJ AT kI
Exkn EP HiG K dyidir MEKOTKk OVBARS B OFERK h E€ h [
AATONQ Ok ARGy Ipd Nd kg lhé © O AKANBBAIEI NN |
RnJ m\uoemﬂ:‘,lamnﬁ | nNOI n/ezbaﬂsm@ NIIKHG]éIO

~ ~ ~ D ~

E<CD< —( = OO O

,Télmlﬁm_lémmmm ENKLnEIII\I\éEl\I\EI@ﬁEInK]nl
NGgi n MINBkBIGINIOB MK & NEE | @ EID K I fi th ty) &\ Tf

—

|
el NJoeeJeéel Ei nébNE&EA rﬂm[qngmHFm
1. akKO® N AO? MR3I3J07 & | nNNIEGgenenJor &l édkInikr B 6 |
EKNYT I T ENKENKhARO] KI NEG e Jn

300 cm? 1655 cm™

=CH stretching C=C stretching

Linseed oil

Intensity (a.u.)

1 v ) v 1 — 1 M 1 v 1 v
3000 2500 2000 1500 1000 500 0
Raman shift (cm™)

s ~

ij N22P i1 |g @lcéd rEA R n @ nA | kRAWNIbahl BxGND kLN T



4

2Eaua’5iE!NL’ijN|'NCEl“LIfE|m| @«“m Rl NENRH

FELNKSGNr el NEOF ENRSHNOOK N K
E N KH MITET Nm K I Nh I E L) NGKNOEGNIKT N

D¢

~

0 “rﬂmmmmwwmmmmK
ENKI &L I |¢f4mm R E N K Toefip ki 8oyt Ny ofjr Dan oo
ENKT NhTGi&®I g EKREaI hthbagr ] Qg el C
Lnl KAT LNKOS§ D,r()-émén,rN-Elleﬁl-rEl“EnNJKl\l Linh
I LNr EOIl hk®©F JOk NG| RITT ALhnpgNI §i
KNET ATTnhNT gNIT BRI N KOG 816 fETnd: e KN B
L h @MY N Joil &6 IN Jricr sdoN de B G ®ED™ T [T F
T NLoaFhE GIR K N L N K onggr] r@l-cJbési pNgBaX) | HiRE Al Traed
ETnr ok NI EE)OT nRI | KWNEIKnAhani T ] 0K
r it rJ BN NNEK 1009l kKeng] bIEoshkeheodeED 1@ N BN Kodl
g a '@ k aNEIKIAISeERg & o1 O
, / OENKL™NE!| Nij:NTENS NEGN KNohGEIN B LINe
I EE@IO ! T o1 @1 T @é 6CBa@NRinIITGiE i KED DE |- G
i K ENKT h L & gN EN@BE Lol KINNKBLGIB F §j @J N
ADcel nJ AT A1 6 & HBAEEGNNG N (GN ] ON2E N3O Bt rnl
NKOIENHh] GNENKN] NENKogNRr - J&i N
L DK P gmmaégNmmwredemazmmecmcan N ¢
KENKIALFET O6INRT 1 NNKHEBEd BK N
El ©NEd rNiEf n eEXKA0E] s | gy BIaEr neRg ORI
ENRh|] GN®N KN jmi D @K iblsd &SigNET QE A T
iNEKNIHmmEEmmNmS@mehéINEOohJL
n NjGHINAESNTNNEOK KJ T n EBORE & BIEIGE iRE RN
E§OEKhel KoJIF KA&e NEJOKN] N6i K NGO KN
Ei n Néemd J EKEO CENEGEHh NN KKONEOI 61 0]
NIknhnT OOk N8 J Nr T i NETINKANING onJErEri FNK
ALY TENTIOEELRNKOEN NG n NEJAnéenNo1 Nr
K'NJ N HNEE B REDH iNderi HO% h H KGO Ee B NEEKARNND N

=S = S

35

- N §>O<CD<>< ™ O
\-(Q)

-

[ ————



4

eh 6J 1 KOOk Noeh ¢ M kKNGDDL&EAOHK In & i IT OB i j
ERENr I Je iNE0|nnwmmmmmm¢MEme&Hr

6 e KEL KEONE@IWKENK@I Er | KNEIF T hoi ] |
ENKO |- NeeGHEAQT fif KI ho KRI EIl n NEKh oeh 8 J
08ONI n] GNENKN] NENKognRr I J8EINEOJ |
e HNOhNT MEBKNNI Q7 nEFNT 1T Ni k&l E&nl
EAT 8T NhAS6JOKENnk&lF ELNKO3GRNrl Jéil NEC
&l NEOLAJ I AT T QEAT EKh cel K 3R TKAIH mjr &
ENKKR]TO6T ] 7 j KENKIThRLFEYT &FETAREL
OENRhR] GNENKN] NENKognDr-Jei NEIJNEEI
0JFKQAo6] RILNKSGgRrJel NE&EnNEJnél NJ
10°
10° k
10' |
s 10’
_.§ 10k
§ 107 |
,3§ 10 |
w0 L — ELO-TA
——— ELO-DA
107 | ____ ELO-DMDA
10'5 [ . ] . ] . ] . ] . ] . ] . ] .
0 50 100 150 200 250 300 350 400

Time (min)
ij N23D NT ON | k & | E@E KK afi dBHH G K ik Jeh
qr mp _ &d@k IBHISHON ¢ BAORBCIDIN nBENK G § 10 K



4

o@mKL’nEI NI NT T Ni k&l EFmRmANiHoOkNEIL
GN @@qmwb@wq«mmlaﬂm(%@mm Nel N E
e N

N

N - WA N .

nl IEM\IE(IIOIFEn\ImE IG@MIKIIRKMH IKIIELNIIKE(E
b & BhEREXENT N ERMI 26,1 Nr @ If WE T ij
El ENKS ENR | G N Bl S NSjN e NI é riad
&'l RN RENDILAINI NKT A BEK BBk 8 E
IR BHNRIT K6 J | Ko le r@mmﬁqm?&%mﬂmi
NOeKNNTI ) KENKThLIFY O1 7 iKn NOKI

< Q)T A NS 10, 1@ NDOT2NTOR 0Ok NO/ 05 O

Co—

KL
K
Y K

St [T Oc¢ L"X
fB T

¢ E{‘-&» 8 PR 5S¢

X T

Storage modulus (kPa)
o

it |

10" f 120 °C

10° | 140 °C

107 N P B B PR D R S
0 50 100 150 200 250 300 350 400

Time (min)

=

ij N24b NT ON Il i & |GG IRENNBEIHNmp r BEND k mE 8
Ok BOd® N ij NI NT nr J ndEKN o=l rKb ﬁﬁk"g(]ﬁerﬂ



4

2 JDNKLNE| KNBINHNIE KK &G | IGRENGRRE 1 |
ceh GAQENYT EKhoel K6J I KO

F NEF B 8 @nEly IGNENWQL NG hmdEwdNg b g lIr
hLFENKS inM8rKIR) NKONNIKN FERgrEE | G N E NNHENCGNIY |
| ERGANA] E /0T hE KBhRbE I\NKKSBJF IBNKIE &6 | okkKNyGEDl , G NCES
ENhA | GNE NMKI§ ISENAGOERIHN D & N WHNNER N
ENRhR] GNENKN] NENK@d Ne & OB NQESNES b
G N 5N HON Ji- N B NEXSGReBIUNN 1 SvkERN GEOIIE IN B 1) 16 HIIE A
| NE 6 1ijNN 13Té @b 20EENGIEIEHERK) N«d KENN KIST §aiT ¢
| NIEORa® gmk Ok BREI Nr@& W m E®KKNNT 1317
KROOP h N T8 g iKINGEBBIOIr gk E@/ 6 OT NT 1 OC
1] GEIHINKGNJ bieCa) rivgDml NO @pinge 685 TE K ® E N h |
gnNr I Jeé&l NN weh B G R SENRH A i@ IoNKE/Eo) .
NKO g@rBlglked INNEWDIRK & PmEWPNg b g ©0

10 |
10§

10 | 0.0%DMAP

(

§

M O« —tm D¢ D¢ ~— O¢ Oc — —!

Storage modulus (kPa)

0.5%DMAP

1.0%DMAP
1.5%DMAP

2.0%DMAP

10° f

10'5 [ 4 . ] . 1 . 1 : 1 L 1 . ] . ]

0 50 100 150 200 250 300 350 400

Time (min)
ij N25p NE DENJ NHT Al 6 Kn Ed rGrVE_NekdND) KNrh i g
Ok N8Od OGN L ij NI FA@R N EF EE Lk NSENR 19 rRHT IO



Induction time (min)

0.0 ) 0.5 \ 1.0 . 1.5 . 20
DMAP contents (9%%wt)
ij N26E N K ©| G riby sj ald Q@gini| EQDr GONKE RN KN H N K €

w

o)l knrjl O xkBKOWNI NA&FET Al 8



— 1-|1®H Epoxidized linseed oil
OH
O
v/ (}|I’_\ 0
3\/\/\/(?/&/0\/\
o}
/c')\/\/\/i?/\(!})\/\/\
A S
A AIAA AN
l + Epoxidized linseed oil
—T1 1
O O O
o =0 =0 o._ Ot
o
o)
o 0 i\/\/\/i?/\?/\'\/V\
%% Y
o OJ\/V\/Q/\.#\/\/\
O <O ¢CoH o
o &o o
o H O o
0
W
o] 0
AAAANIN AN

l

Plant oil-based thermosetting polymer
ij N2 GNDNKNT NEN K & el KN & BN K O)n |
Bgkcrfwjo]RdTmhWwKagtkd IGNE NK N]



5

2 EN®E| NENKLAEGeéKNNNRN @b E Q)N Mok GCHEAGN J]
OT ET nNEEAT O
2,(ELN}1LnE6e|N<|\bBH’§:G]KNETKKjgNTN

ENK] KAT | KnNEEFIE Gl INNokgTNT EGEN eI INERT Trant
' Kk NET k N7 I NT AOIl NT Al nk idhMorkKhd iéN NI N
hn&j M &k IgFINKAG T noech ©h 61 ] ENKOT NJ |
]NElKKJgNINhnhO[KOo[RITGTOéTD[I
TnﬁlrEHE\IAI@OL'thKN\ICE[NCKCEI HNOhA]T I EAT Lij N1
ENRODOINOKEKNRI NnNE6JOKkENnkd| RI OKE
ETENKééeNEnI@heKNIinNElvnuNéérE

|
ET KKJ§ NT Noagnﬂ- ANED Nh kg [GSNjONe En - @ae DG N
: N

~ s ~ - ~ — ~

=

N &
r K NoKCNFE(]N([HIIéENIEﬂ I‘ilEhEBKI\KDéthI\G]I\NhN i |
@] Py O eIk R 00 OkHNRY ©FE O &

IONL Oe T OdNdhsiGRI H#a)) NET KKJ g NT
\ Ki h L DrRBQEPDG 16 1 1§ L NOEETIQaKe I EN T NET| 1
T noehes6hi EINKImME RMAR @IE)T BKNKK &
e @ NE® B teh OF INRHRGE MERIAGE j N1 T fir C
1 E | F @ &) kBN T NNHETIN et GEROGREI & NBICR&e B TRQ) N |
NEEG kadke o N B ONmE®L DET nEONn e o |
qgr p c r a f @ kMg © A d AN dkrphairalct égN Eej
el Ernédl EknE| @ haEXEmrl 7 N
KBKEGANDMN 1+ Né& NKHN &dedHE@ &
Nr J| KNJ N H EdGEINER B BFNECKNK
& I IENCE(BG’E%"I]]I B D kS GREDHT H S R0
R & KENGEI\IK 1 13 WoF GROBIPONIEEI] K KNEGEM 1]

:Sszza
o

—l = =l O EI("'Z
Mlc

—_1 = . _Z

Sx -z O meme —¢me—. M

bnjfL»

P Ovoc —
n -y
2

<<_|>

.Q:G)

M@ @ — [T @

___‘Z_TI

..Z_Z

|_O(§3 O«
-—

S(D(Q"E;CD(
(@]

Q)
O« CD

Xc_»



2870 cm™ 1650 cm’? 870 cm™
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3500 cm™ 870 cm™!
OH stretching C-O-C stretching
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Tensile strength at break (MPa)
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