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ABSTRACT

The research purpose of this study is to examine the effect of graphene
nanoplatelets, which was added to the epoxy as a reinforcing agent, on the
enhancement of the physical properties of the epoxy/graphene nanocomposites. Using
different solvents mixed with the hardener dicyandiamide (DICY) and the accelerator
2-methylimidazole (2-Ml), the stirred evenly with the epoxy and vacuum hot pressed
to prepare the samples for characterization of morphological and physical properties.

The original graphene surface does not have any ionic or reactive groups. Therefore,
oxidization to produce the reactive groups on the graphene surface is necessary, and
then coupling agents were used for modifiying the grapheme oxide. We studied the
effects of with graphene oxide or functionalized graphene on the properties of the
nanocomposites. Ultrasonication was employed to achieve uniform mixing.

The dispersion of graphene nanoplatelets in composites and their effect on thermal
conductivity and mechanical properties were examined. The composite morphology
was observed with SEM. The composition and the degradation of the composites were
investigated with TGA. DSC was used to analyze the curing behavior and thermal
conductivity. The mechanical properties of the composite were examined with DMA.
Finally, TMA was used to determine the linear thermal expansion of the composites.

From the experimental results, the addition of organically modified graphene
improved the thermal properties, mechanical properties and thermal conductivity.

Methanol as a solvent effectively dissolved hardener and accelerator.
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Fifodwito

COOH TZOOCHZCH(OH)Resin

H,S0O4, KMNO,
_» HO—

NaNO3, H,0, ““Resin

(0] g o )
— Resin(HO)CHCH,O0—} |—OCH,CH(OH)Resin
—oH + /) (HO)CHCH 2CH(OH)

' l: l:OOCHZCH(OH)Resin
graphene/MWCNT OOH

L e e e e e L e8]
] 2-23 3 IL}%;_\'{'TF/i A E ERE A F BT AR

()= ¥ ¥ /%3 #y

[61] . s il . — .
SR fo g F Bz F i (Silica)¥ TR E A BT 2 8

Johnsen % «
BEFLEE - FRGH-F O PHNRBEBERTYR ] HFORF L i

PR e S R R S B N E 0k 0§ F

x
oy
|l
‘1,\ <

13.4v01% 3 Ft 37 1248 =1 360% - 41% T+ BIACA(SEM)Z 5 4§+ BT ichh
(AFM)ELR] B Bfer 3 e 4844 0 I A R B w84 5 A+ % 12%3) (Plastic
void growth) » @ 23 v Eikir (28 & 48 41404 4] (Crack pinning) ~ 2 & 47

(Crack deflection) % » #4p2#3% 113534 o
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(4)F 132 I 5 HHy

‘>

Liu % ¢ “as s § g 0 e~ sof 5 Bo% (Hycar CTBN 1300x8) e #42
(Organoclay)a; = g3z k= (Hybrid) @ i¥5% & 3] % 47 & #1442 (Exfoliated
Nanocomposites) pF » ¥ 11§ fi id 78 g s S fodi e Ty BRE & - fﬁ»ﬁ%ﬁ}i%‘r *
TG WAL B 20 RS A SRR RIEECE S T RS o #
P A w # Y SEMBZR TR S e Y BEURA G Ak § /]
CTBN [ % & 7 i #.4 &) CTBN 44 1 i fht ¥ » 44 35 7) 0% % (Cavities)

wh

FEIPFTHRERE T OCFELE TF"] R A TUE DT EF/F AT 2 ONA
& HHRE SR § B 4o A8 % o Bl4o 1 Zhangl®® ek 7 B A7 4 graphene/PVA %
AAFEHFE BB KT DR B FR ATV F oA 2 A4 & L PR
M e 7 4v 1.8 vol%TS (tensile strength) #% = 7 150% - # = #i-#icde = 7 105 -

AEEFEHERBENMEZ TR ARE VIO TER/R AT EAAHEMHE
LSRR HEES A RE 2 5 AR AR CTIK S £ P o blde
Koratkar!®7 v 3 B 147 7 epoxy/graphene 2 5t 48 & 2 5 | 'oOER 7 e
0.1wt% graphene™ § »ci% 2 R0 > H 3 < 2% B3t 3 K E o S Hilio
epoxy 2 H EEZ K EE A W3 7 31%% 3% 5 TS (tensile strength) v *epoxy% %

REA KA E A w3k 0 40%2 14% ; H % % 4ol 2-2497 7 o
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(b) *°

@ Pristine Epoxy B Theoretical Results

—
L]
o

] Experimental Data

b
L=
F

80 B Manocomposite (0.1% wt SWINT) 35
[ Nanocomposite [0, 1% wt MWNT) =

‘E 70 & Nanocomposhe [0.1% wt GPL) ﬁ 3 r
s = I
=u 3 25
& 50 2
g = 2
& an %
4 c 15
F 30 ]
g A
= 20

10 0.5

a 0

Pristine 0.15% wt 0.1% wt 0.1% wi

Epcxy MWNT SWNT GPL

] 2-24 Epoxy/graphene ~ Epoxy/SWNT % Epoxy/MWNT #F 41 2 # &+ |+ 5+ @[571

72
233 % AW HBHA 2 Rl

BB A 1
1. sk & &g pcd(Optical Microscopy » OM)

BN DREEEFT A REIA T AR AZES L E S A
MECEF N F B A A gt > R F1 5 T Rk £ % i 4000-7000 A
R A (23 FEB S~ R o > Trdp B BRACA A FROSTEER) DY £ b p ARk
£the fo- g (P 0 d 0 R RS F G 0.2 mm e F k8 B M b i 12
RS F 02umpF s B o gk BF NG 1000X 0 kB g L AR
gr ko

FEA ok 2P Rk o B T L R LR T R A R

L
FHTA
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2. 3% ¥ T 5 s (Scanning Electron Microscope » SEM)

Fhiia KB 122y AR2F oL e G ER P U TREE > 2
FRSEVEZ NS T4 35 BRB2EFIME L G R GE o5 - ST B
Fla ok £ HESaAd] > H iR R R FI300nm = o deindE B fETR 0 PR R
Prod - LR DR ERAEL KRR AR CEEITHFE 2 o LIRS
TR TR LR - BT ARNF R ET F AR FIPLETAT L FE
T

g e 0 T T RS 0 B B AR 3R 5 SR e LR A
2 BB RFTEH LTI A REF 0 £ DAL SRS Bk
HArP 22 B3R EEFAEY F 2 1.20m(@B0mV) ~ 3nm(1kV) -

¥ %6 s 2% ODA K 85 i 7 %% GO (5 -ODA T & GO & & & 2 fF 4|4 :

ESAEF ODAS A GO £ m A5 GO-ODA enjE #* &2 4 B B -4 2-25




3. 4% 4 +7 %k (Dynamic Light Scattering » DLYS)
EFFRFABRY o F R R g AR T T PE
(Brownian motion)  § - k& RILFH & e+ P L PR F §H AP HOT
B TS o AR L AUE S A 2 R o M F NI E LT P AT Rk
LA R R AT S e T AT e B AT a R ST T 20 d, P

¢ ¥ 31 Stokes-Einstein = f23% o i > 4250 N P F LR - EF IS e s

d=% s ~dat d, =~ %3 ...(2-3)

d, 1z L33 Z(m)
d,=——— ...(2-4) k: ok ¥ #(UK)
T: G %R R (K)

n i3 AR A (Cp)
D, © #4c i #(m?/sec)

4, & > ¥k = *t k¥ (Fourier Transform Infrared Spectrometry » FT-IR)

B F R e - Y REE ST S T A FRE R
FOAE R ATl R RPN B 2 R e R R Rk - B ERIP
Sk F iy o @A 0 A FERAE P RIERE DI AR R- BRFDRE
B ERFR I RFRIA E 2 EHR(- AT ER) § MR R

FAFgakd o Hd FRFIR REFF 2 200 5 iF AT g o
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B12-26 e it 7 & #F g 03R A 1710 cm ™ (C=0 carboxyl stretching vibration)~

1642 cm™! (C=C in aromatic ring) ~ 1030~1161 cm~*(C-O-C)% 3000~3500 cm ™1+
Tk o ir ODA :c i » 52848 cm™12 2919cm™ A 2 A B-CH chid s » » &
1564 cm~*(C-N stretch of amide) 'l 5. ODA 4 F ehiF ek » & wieler gk § A7 &

FIF fere% > A fe 1030~1161 cm™1(C-O-C)ik 35 B 4 7 b &0 & 14 s el B

Transmittance (%)

5421 ;I-E

- T r T -

L] = T = Ll = L] - T
4000 3500 3000 2500 2000 1500 1000 S00
Wavenumber (cm™)

] 2-26 GO + ODA ~ GO-ODA 2 FTIR L2
5. £ & k#(Raman spectroscopy)

FRABSF|IAF LI oA I P ng S

Std

Y I SRR T L 5!

R N R R SETE R E T SRR Y L S

AREAR AR B4 ¢ @ P kT FuF S 2 s LRk £ 2 F o
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ok BB IR L s F A dn R EPE R £ 8 0 e ) R enk FHE SRR
M MUFR TR & Stenda B T 0 15— BE S eree AL & 5 Stokes shift o 4% &%
Ptk A F ot g R BEPER B R BIAed DR R FHEFRE 0 -
B4R e Ak & 5 Anti-Stokes shift o

PRI AL N EEEERF o F 2 FenfpI (8% @ Li,frh—f»'; B 2tsg
MATE B3 0 BRI COfR 0 A G RV R i R e %ML + 2RI E 0 H_
PR TR TR R F R R TR AR R R S D
A R R € S o PR

HESAMA AL WY 2 & #8cd Gband 2 Dband - - ¥ G band = D
band £_d tp fsp? #udd erdr $s #7514 4 w] & 1580cm ™1 4r 1350cm ™! e G band
BB FEE AR SadR e o ST ELR 5 sp? U By B - FRATH 0 B fa M
#l3av %0 5 Dband 3 4 Fo% 0 HRSTELUR S sp? i A gr-point eeE R B0 o

—4m % > Dband A4 R R R Aedm 54 H R - 5T 7 3 & Dband 0 &%

e

st

= s}
W
W

bap® A g NI 8 KFplp/lpe RV EERBIE ] 0 N A G D
Y oy 165
¥ bR

Gband #.7 & ¥ & 77 & | £ 55% * & s > Dband % & 3 4 > G band
BE 0 FIGO § 3 H A F R E SR KR 2277 F 40 3 GO &

ODA F Jii¢ » GO-ODA # im13 & GO el -
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GO

Intensity (a.u.)

GO-0DA,
ite

1000 1200 1400 1600 1800 2000
Raman Shift cnr?

] 2-27 GO « GO-ODA 2 Graphite 2. & % 5§

6. X-ray 354 47 (X-ray diffraction » XRD)

X Bt & $Ed+(X-ray diffraction) s s S g2 4= B Jo 4p 1 sakpr > ¢ 354 & X
bR YE5H(WAXS)fo- | & X 541 ¥E84(SAXS) o X ket iR 1% 4ed 2 3SR F £
Yoyt A2 XSHRELFT A Ed P o FlaMHPt Ehfte FIEZT R 3 F 2~
b 0)~ SpF 0 g AR AFHAEL FHRESE T 2B ~ 5 & Q0)FT

TRHETF o B

BRI EL o X Bt S A4 5 — 22 MB3 2o a P R &0

|l

SRR 0 B AMESTE ciE (g chd B TR hE R L 4% # £ $(Bragg)
AR R T I RS K e
# 3 . (Bragg) > 425\ 5 :
2dsinG=n) > n=1~2~ 3... ...(2-5)
P d SRS E g BEE SRR E P d L REES 0 5 X A
Heotig = 20 ch- X AR AL XERBEE o
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*Qﬁ%i‘)}g%[@] » 1% XRD 5+ ¥ 1 AT B SiEE Ei?ﬁﬁ’l@ﬁiﬂ o R 8 K
A BEre S doB 2-28 %777 > AR LR 8 A 200K 0 FEEEE (VB

6220 2 i/mAS 020 K31 N 10 R o BB FRR S ANty o B pED

TBW

F07E 0 BFIEXS 078nm; SR G S A TR 20 A RRE L]
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_15000
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/ lezaeo | 12000 5
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o
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¢ ¢ z ¢z z / ODA-GO
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228 785§ 1“2 5% ~ 5§ 7 542 XRD S#5tH
FRER O )
1. # £ £ 47 &k (Thermogravimetric Analysis » TGA)
FELVTRIAEFER TR ERSDE R L RRAPFFY a- 2 2 o
BREAARS 3 HE HEAAF-EATER  BEREHRLESFFREDTE G
HRERCBBRED S REKRELLE

TGA thj® H ¢ & 4=

L ERGE 0 AT R e sl )
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0. 7 34T % H R G adZ s A M BT g i
Mg AFAFERE R AT ERFRPN I §EH oS R E AT T
AR R E B HAFERE CTGAEZE A 1Rl REAP RO E R T -
5= )5%[67] » 12 Carboxyl terminated poly(acrylonitrile-co-butadiene) (CTBN)
Bk GO# & GCTBN: & 4% TGA % 7 2Tk § #1%4f & Ml g T > &

FETMHE-L G 06%E 0G0 2 GCTBN 78l # = chTk § M4 & Ml & W5k

o

F R  BTRE MR R E T X 4~ GO 2 GCTBN 9§ 5
Yol 2-29 4 o AF EMKA R E B AF L 3200 =+ 0 d IR R

FiR B R A M AL BRI T

i
-
A
“1)3 <
Wa
-
<l
Rd
i)
=g
et

2.0
— neat -100
—— 0.6 GO epoxy
g 1.5 —— 0.6 GCTBN epoxy
X -75
3 4
£ 1.0 -
% '50 :;':
=
.g’ 0.54 §
2 25
S
[an] oo_L 0
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Temperature (°C)
[67]

Bl 2-29 %3 95 2 K 4FH e TGA 2 DTG ¥ s
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2. 77 £ # # £ #.# (Differential Scanning Calorimetry » DSC)
TAFRERZLZATIREFTAEREY > TR IR BESLER B E
i AR A g B # iR > DSC AL ARA HUE T 0 Rl R~ e gt o ene
FEABRERDM G 2 Ak b HRESF B A TR DEER G - TP
FE* > LAFERBEETg-TM A F > B EF Z A AFHMR Y T B ik

FELTL 0 B B et X 0 & DSC R AR A SR B S jE B

Oxidation or

Decomposition

» Exothermic

Melting

Glass %,

Transition Crystallization

Cross-linking
(Cure)

Heat Flow (mW)

Temperature (°C)
Bl 2-30 DSC 2z # |+ 53¢ i
3. & hE
F- 36 > 7] DSC kp|E# B E thdic - B S04 25— LT A
e 2B -2 JIPERDIEFFITEN - BAHF L [* ¢ R B E
G # (Quartz) k3 48 5 T E LB R S B E G o
K, =K, x e >< ...(2-6)

q q
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K, : thermal conductivity of sample(Wm~1k~1)

K, - thermal conductivity of quartz(Wm™'k~1)=1.37
q, - slope of sample(W/C)

qq - slope of quartz(W/C)

d, : thickness of sample(mm)

d, * thickness of quartz(mm)

4. #ABFILF 4 9 (Thermo Mechanical Analyzer » TMA)

BRI A ST -

jﬂ

A o dgEd VR dremp il B g
BRRRE o ppe WS By TMAT RRITIRE R i B R
R Tk il - B g F B0 B(TS) 0§ MR R <t Tg pF o 4+ 4iE

FAEAE R 0 T TMA 7 BB bR 1509 © o % 2% Ts gk -

A M EEFLERAD A A ALK ARR B TS » 4FH P & i
BIBEESIHDL > VINEAR T ERH S MR E G RMPET > § R
REI2AERBAFT2ZFAELRBI| DTN A IR P IrahiR 5 i

Bt > 4[] 2-31 -
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polyester +0.15%wt graphene oxide

heating

cooling

Dimensional change(pm)

Temperture(“C)

i 2-31 7 4v 0.15%wt e GO 2 #4 7 ’JEE@[M

B EEF A
1. % & 12 F & 45 (Dynamic Mechanical Analyzer » DMA)
’gf«%}if*/P Fé{/? AT = ‘—ﬁ"“-‘:tﬁp)@’; mw")@’m%’g’frﬁ% 13”#"

E 24 A BET 2d ##c(modulus) st 4p & (phase angle) £t Fe. & (damping) % 3

oo Rl SR PR EF SR TR b G RRET A d B
#%3&&%@\?3—%5¢19}E‘f nr/ﬁhl-@¢b°4“7}éli‘ ﬁ'}tﬁ:‘f%%%@’

¥ IHZ $)10°Hz o + % ficenik B PR R A FUk o 4 5 n AR R (bulk
propertuies) -

2B R A e BB RILE o 4ok 3 fdk(storage modulus 0 E’) 5 S
EpE i B2t o o e R dpih o d ST RB R 41 L B

Pos VIR % R EMEE2 AT S S 3 4 fiodc(loss modulus  E”) R & ABEE Y
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Lie &2 a0 * 0 iR [E R F]F (damping factor) st 45 2 & *7 (loss tangent) % o — 4

TR E- R A - T A2 % PRI - R 2 AR

LpEEMA Yo

BAFTREFBEET

BAFRBETERAR A AMET AR A FEAA S ¥R
BB F o L R R R SR - ERFIEAR AT
BEBER L RS EERRMOERIP) F AT R R 7 2 P ol
P S S B ERE IR g el o

AV - FETEHIEN  BERRBET PR FIABESER
Hod T s B Ak - dhBgrd o 207 - BEEAIEFH L
DLEEE f R RRHE R 0 G B RIS T R AR R (T,) 0 B R A T
FIZVFE A c BMAe 3 S RP T A RO BH{Eg A+ 23 RER2 £ - ]
BfERN > a2baf- P - R IR % AR 5 7] il o
(hysteresis effect) #7 i 3z &7 o

B12-32 5 47§ #9253 GO e FG e £+l DMA 2% 445 < 4f &

=

B
=

P i i e F) S AT S MR IRF B R G B LR R R

[x}

GO {r FG sk 3 #1%q 7 1 AF 1 2 gL R % 38 o0 5 {3 e iz g 1 FG &

By AECFRADR G AT FF - KA Bk  EFRRD B 0 BT
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o RIR AR L BOLRERES A e B4540 0 2 135CT 0 FG /3§ g df
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F REHRMHERHKRD 2
3-1 %M
3-1-1 % § Ay

(1)% § A5 NPEL-128 (N128)
A3 $:374g-mol ts B F 4 £ EEW:184~190 g/eq » 4k :12000~15000 cps

i 8E:245°C > % B :1.16 g/lcm® > ¢ NANYA 2 2 3% & o

0 CH, OH CH, r
AN I | | A
CH, —CH—CH,- —n@—?—@-ﬂ—tﬁ;—ﬂH—CH;— —GQ—?—Q—D—{:H,—CH—CH:

[:I'I-‘ n EI-[:I-

& A B S
(2)# i+ #&|: Dicyandiamide (DICY) BRI A ##

k3 VICHyN, - &+ £:84.08 g-mol™> 3 8L:209.5°C » i 8L:252°C >

% &:1.40 g/cm® > 4 Acros 2 7 % i o
NH

no

N~ “NH,
H

DICY it & ;¢
(3) iz 2-Methylimidazole (2-MI)
b+ 4:CsHsN2 » & + #:96.13 g-mol™1> 3 2.:78-81°C » /* 2:268°C >

% A& :1.024 g/em® > 4 Tedia 2 2 4% i o

0
N)\CHS 2-MI v & ;¢
H
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(4)i% Al

" B% (Methanol » MeOH)

A3 ;:CH3OH » #8L:64.7°C » % A :792.00 g/lcm® > d Tedia 2 7 % i& o
» & vxvm (Tetrahydrofuran » THF)

A3 7:C4HgO o i BL:66°C > % A :0.889 g/cm® 5 d Tedia 2 7 4% i o

LR F
312 7 B HE

()7 &: %o J2enx 28 7 & (Surfaced Enhanced Flake Graphite » SG)

Particle size 5~10um » % & % %.:3775 > 4 Asbury = & #& i o

EREELFS

Q)R & = A + Nz (Octadecylamine - ODA)

2 90% » & F 3V:CisH3N » 4 F §:269.5 g-mol™> /* 2L:232.86°C » 4 AcCros =
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(3)i% A

z B% (Ethanol)

A3 %:C2HeO » #2L:78.37°C » % A& :789.00 g/cm® » d Tedia 2 2 4% & o

4 #3 -k (Water)

A3 7%:H20 » % 2.:100.00°C » % A :999.97 g/cm® -

(4)

# i 42 (Barium Chloride)

% B 199% > A 3 ;4:BaCl,> %3 8::962°C > i* BE:1560°C > % & :3.86 g/cm®> ¢ SHOWA
AL

%\* 3'1 Tl“ %’fp%\*

R
. & e NPEL-128 12
%3 Aty — N8
A Dicyandiamide — DICY
R 2-Methylimidazole — 2-Ml
A A Methanol — MeOH
Tetrahydrofuran — THF
RG oA | Octadecylamine — ODA
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432 HEBrEEL
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ERERTRC o kR DOV-30
R € 1o Hermle Z36HK
A BT Sonic VCX750
FORE = A8 SIS )
DLS Malvern Zetasizer 3000 HSA
FE-SEM JEOL Co. JSM-7000F
oM Nikon E400
FT-IR SHIMADZU IR Prestige
PE ok B&W Tek lec. BWS415-785H
XRD SHIMADZU XRD-6000
TGA TA Q50
DSC PerkinElmer Pyris 1 DSC
DMA PerkinElmer DMA 7e
TMA TA TMAZ2940
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3-2 FI b= B Y 32

d 3 DICY 4% 5% 25~30um & 2 2 BB S RF AR L5 5 b2 2R E D
B0 FEH R > Fp R ADICY)F * sk ESsk e s 0 2 {323
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3-2-1 DICY 3z} &

r ™

oM

[ DICY ]—[ U ]— ) .

HLAZ 5 #F

¥ e Th(3 /2 5 2mm) tesk B (X 926 cm?) ik ALK 80%:hiE i T 4 »
4759 1 DICY % 25g R }3%’",% s 17 8 hr » 250 rpm ﬁjﬁi—p}—]{})—%{ o %’IJ = ﬁjg ﬁ?:‘%

‘/"7‘{:"\ ,ﬁ?]] E‘]IJ 7, = b

R}
3
%
B

3-2-2 % § AP A T

N128 10g

B
[ DICY 7.5phr ]—[ 5y ]— 70 ‘C 100rpm DSC

30min
l 2-MI 1.0phr I—

a). ki A F z|E

1. #-DICY 5z i {6 » 4 12 hr 1538 & -

2. 1% % 475 109~ 7.5 phr eo DICY % 1.0 phr eigig&| 2-MI » 2% ~ e 51553 B
Z AT 2 70°C > 100 rpm 5 3 34X 30 min o

3. B> DMABE P 82 »4EBEZ RP » B 7 ¢ AP R E i o hf e
A_1S T AR o

4, #RBRRIGHRIE T B FTFL3mMm H DMA & B 2 37T mm s TMA 2 5 &) o
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b). % &<

N128 10g

[ DICY 7.5phr ]—[ H$ B

2-MI 1.0phr

200ml
MeOH/THF

AR
70 °C 100rpm
dhr

HEEHEH
70 C 100rpm
30min

DsC

DMA
| S

TMA

1. B 75phr 0 DICY % 1.0 phr2-MI iB:&#& % » 200ml ? A&/THF # » 2423 &
e B E 30 min {8 o 74 109 %3 N EHFEY 2 70°C > 100 rpm
F A 4hro B 23 A ALY o

2. Mtk BT R B 748 70°C 0 2hr 5 Tk A Y g e d 4.

3. rw3lEg Y 12 70°C > 100 rpm 353 #4330 min fF 3 B 5 o

4. 5~ DMAF-E P (82 2 4EFEE B9 » NWE 5 ¢ PRt o i e
A_f6 FHT AR o

5. R R ISHEF B FTFI3mm chDMA 2 F 2 77T mm i TMA 2 3 ] o
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323 Euf

a). Hummers and Offeman § i g2

[46 ml & F K ] [140m|4;—%&%;|¢ ]

1g Graphite ) . N NS

+ ##3hr 4 A Ao B | s iR 8000rpm
23ml H250a ) Temp £90°C 10;:\:2”‘ 10min
$%4¥15min i 5V6R

| 3g KMnOa I | 10ml H202 I fol’Ff%ﬂfZ
T s oc [0 ]
. GO #1
12hr 70C -~

1. B~ 1 g Graphite 4r » 23 ml 5798% H2SOs >+ 4875355, ¢ 353 34X 15 min o

2. FMter 3gKMNOs > M PFEEBEAZE R 7 B4F A2 E 0T > AREFFEE
3hr -

3. Mt » 46 ml e g5 oK (X 15 min) » B4 A5FTE 3 90 C ke R 4o dy » T 484
T pEd i (% 15min) -

4, B ts4ex 140ml end Z3 -k > 4~ 10ml 30% H02 %0k F R -

5. fU#* w4 1,000 rpm/2 min & = F TR o B BB SR S 2 L BT R
8,000 rpm/10 min & F T & > & HitikF &G HIRE 56 o

6. BN R kiR b r b BaCl/z 27 & BaSOs ik > 4-% 7 Bl £ 47
HFAOSE T Rk E BaSOsitik o

7H R RO TR E O AR A ¢ e 70T 12hr (2 FEIF L E
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b). § i s

|

N
0.6g GO+

300ml % #F 7k

J

[ 8,000 rpm &

_I 18 7% 20hr 90 C

0.9¢ ODA+
90ml| . B2

RS

B 48 GOA (#1g)

18,000 rpm | GOAs
40min

[GOAp [é’ffm.oag)]

0.2g GOA +
200m! THF

= %5 2hr

{

B (BR)

21,000 rpm
40min

L

| BRI I

GOAs
I ~,
#0.03~0.04g)

J

. B~069gGO > 4 » 300ml 2 B3 KB4 F A B A AT 2hr(E Y 6sec > i

7 2sec > g & 3K T_40%) -

. P~0.99gODA > 4t » 90 mlI EtOH 1 * 4z 5 it 7= B % ODA R FF = BB ik °

L BB 3R R ~ FIRMERLY 12 90 C ik g8 20 hr o

. BB 3 ER {84~ EtOH 12 8,000 rpm k2 At GO e ODA & E 7 £ 45
(5193 51 7 5% (GOA) -

. B~ 0.29 GOA 12 3 i# 3. 4% & 18,000 rpm/40 min 5 4 3+ T & o pLpEenT K
5 GOAp; £ k& £ &7 21,000 rpm/40 min » p* pFehT & 5 GOAS o

. ¥z B e GOAS ~ GOAp *zit 7T0°C E 2 49 12 hr 12 JE# o
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32AZFMNAAXFEFAHHUR

a). N128/GO

a-1).
N128 10g

DICY 7.5phr+
2-MI 1.0phr+
200m!| MeOH

70 °C 100rpm

a-2).

| GO I

N128 10g O RPEES

70°C

15min DSC
DICY 7.5phr+ @ HzZeHgH
2-MI 1.0phr+ 15min

200m| MeCH

a-3).

DICY 7.5phr+
2-MI 1.0phr+
100ml THF

N128 10g VA

GO
100m! THF
AR E2hr

a-1).

B AR AEEBRTUARC AT

1. 7.5phrDICY % 1.0 phr2-MI 4c » 200 ml MeOH 4z 3 & %% B 2 #F 30 min> £ 4c
322G 10gNI28 cfedr ¥ - AR ES % B b F 1 A hr i * So B A T 70T >
100 rpm 3= 1 #- MeOH 4o H- -

2. P MeOH etk 5 a3 R ¥ M > R4k & 7T0CE 2 %4 2hr> #3%k
¥ A ¢ A& Y MeOH 4 34 -

3. B dF ek Foeor s 3HEg Y o 4o~ 0429 GO 11 70CAZ S AR B R T 30 min
f¢ » £ 2100 rpm ~ 70°C 4 E 7 #8430 min -

4. F > DMAHE Y BErEHEZRY » NEz e RPFREOL 0 e 4
{6 3T BUR o

5. AR iSHEFER ES IFTFI3mMm ADMA ZE T 2 37T mm ch TMA 2 7 FB] -
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a-2).
bt RARFRBRBRFUALU LR

1. 7.5phr DICY % 1.0 phr 2-Ml 4: » 200 ml MeOH 4z 4 A2 B2 F 30min > £ 4¢

3|2 10gNI28 iz @ » R{E % B b F 4 hrig * 4o B4 £ 3 70C >
100 rpm 4L T - MeOH F - o

. Efh A MeOH ek &3 » s 313g P 0 4o » 0429 GO 4z 3 A AR 70C &
FX2mine

LR EE YRS AL BRI 15min £ B 7 15 min -

. @~ DMARCE P (82 2 4EHEZ RP U E 7 ¢ HWEAR T4 o g e 418
FHE T AR o

C BUR SRR B BFTFLI3mm A DMA FEF 2 3T mm e TMA 22 5 &R o

a-3).
1. 7.5phr DICY %2 1.0 phr 2-MI #c » 100mI THF 42 5 %2 B 2§ 30 min > e pF -

0.429g GO 4 » 100 I THF 4z 3 AR 2 2hro & wl#-a3 13 % 5~ %7 10
gNI128 cE4r @ > RS E R F H 4hr i@ * so £ 4 £ 3 70°C > 100 rpm 3
x4 THF fo 4 o

34 THF (2 sk § Hi9 > B4k 52er T0CE 2440 2hr o 3k A2 A o
THF 3 34 o

L ek s DMABCE P 82 ~4B55E 7 B9 > B 7 & K T4 e

S i 1 AT HEE BB ¢

4, BB RIGHRIFE T B FTFIImm nDMA & # 2 37T mm sn TMA 22 % &) -
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b). N128/GOAs

N128 5g

DICY 7.5phr+
2-MI 1.0phr+
200ml MeOH

| GOAs I

#HAME

A ERH

70 C HEZEER | whits
= — - 70 100 DSC
100rpm 70 C 2hr Z #30min C rm

30min

4hr

1. 7.5 phr DICY %2 1.0 phr 2-MI 4 » 200 ml MeOH 42§ 22 B & F 30 min- £
fer P2 S5gNI28 e P o RIS B F W Ahr i * Sefuggigs e 3
70°C > 100 rpm # = 1 #- MeOH # #- -

2. #H MeOH s enfh § fHPa bR M > PR 3% T0CE 7 %4 2hr - #%-
¥ ffq @ A F e MeOH H 3 -

3. B 4F ek B o~ gl EL R 0 4o 2 GOAs > 11 T0°C A4 k2 B2 7 30 min
t5 > A 12 10