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ABSTRACT

The research purpose of this thesis was to investigate the effect of graphene
nanoplatelets on the epoxy/graphene composites. Dicyandiamide (DICY), milled with
different particle sizes, was used as the hardener for epoxy curing, then vacuum
mixed with different accelerators. Methanol was the solvent for dissolving both the
handener and the accelerators. Morphological and property characterization was
performed on the cured samples.

The original graphite surface does not have any ionic or reactive groups. Therefore,
oxidation is necessary to introduce the reactive groups onto the graphite surface. The
graphite oxide was then functionalized with ODA. Epoxy nanocomposites was
prepared by adding functionalized graphene oxide, using ultrasonication to achieve
uniform mixing.

The particle size of milled DICY was determined by Dynamic Light Scattering (DLS).
The dispersibility of graphene nanoplatelets in composites and their effect on thermal
conductivity and mechanical properties was 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.

The results showed that the addition of trace graphene has improved the
composite physical properties and thermal conductivity. Dissolvion of DICY and 2-
Methylimidazole by methanol helped improve the physical properties of composite

materials.
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A 4eB2-18 > HRTERT M AN T & F/hF Maif &Y > ik

'
. "‘rr‘["l '] (‘I! !yw‘?' fé

| _l—_l__

i =3 =
Inor/:-t
J L L A L4
06 1.0 L6 40 28
il voluma fraction, ¢ (vol, %)

@ 2-18 < % B /& 11 graphene oxide 2- % #% B 4%
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FEELENA R PR R A b AR AT B/ RS R

EHE SRR T F 5 4o B F o B4 ZhangPoleRm 3 BIRAT
graphene/PVAZ 47 & H1# » R g% 07 M3 2 eN% B4 7 5 2t H 2
AAE & BB RILE > Ao 418 vol%TS (tensile strength) #

150% > 4§ ~ ficgcde = 7 108 -

FEFEHEEZINREE SRR AREVR FEF/G A F 2 AEEHE
2R R R R E 2 SRR KA T i S R e Bl
Koratkar!®* &= ¢ B[54~ 7 epoxy/graphene 2 3 4F & k2 2 > &4
graphene 0. lwthijs 4 7 § s S S ELF > B4R 20 % B2 2 A mE 0 B
L HCHc Bepoxy 2 HOEEZ K ALE A W4 7 31%% 3% 5 TS (tensile strength)

v dhepoxy 2 EER R RLE A w3 0 40%2 14% 5 B g R 4cBI2-19%7T -

45
(a) (b) (O] Experimental Data
a0 4
@ Pristine Epoxy B Theoretical Results _{
80 M Nanocomposit (0.1% wt SWNT) 35 [
[ Nanocomposite (0.1% wt MWNT) =
T 70 @ Nanocomposite {0.1% wt GPL) N ‘\:", 3 r
2 &0 3 &
< 5 25
® 50 3
g E 2
g a0 %
2 £ 15
T 30 3
s >
F 20 %
10 05
0 0
Pristine 0.1% wt 0.1% wt 0.1% wt
Epoxy MWNT SWNT GPL

Bl 2-19 Epoxy/graphene ~ Epoxy/SWNT % Epoxy/MWNT #F 41 2 # &~ & 8 vt 4
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2-3-3 & # A BHA 2 R

e X
1. &% 38 a4 (Optical Microscopy @ OM)

k5 B HOAR ik B Mg SR REEJ* VAR AR T a3+ h
FRECET S 7 B R A5 7 e et > 2R F L 7 kel £ % iE 4000-70004 >
R4 R (253 W)~ R ~ Thdp @ BRRCALA FROBGTIEGL )t B 1 p A
BZ e - SR ITT o od At Reeng ] X W5 0. 2mm 0§ R T ks R i
247 R 53 0.2umP¥ > T ko d ek B R4 1000X 0 2k B4 T AR
BEPE & B AR Uk B Bk ho BIP T LF AR IR T F i

SRF S A TR

2. FF HHFH T3 B8 (Scanning Electron Microscope » SEM)

Fh ST HMCEL R ARBRFMSAG AL R rRGE 2
FREBEFEMmMSE > PEAEF R LEAREI ML G R o @ - 4k F s
Fl e ot £ MR > B4R R o 3 300nm =+ o AR B fEAT R 0 R AR
Po - kR TR R E R B A ST R 0 D3 ML
I ERIL s Tl Kk - T LK F A BT HCRR > T RITRE T 4
2 S

Hoat S g 3N R RS T IR B S 2N T S BB DT LR 2
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Pt BB TFOTE LT F AL 0 RARF 0 B BARR ST MK
A 22 B3R B AT 8 1. 20m(30mV) ~ 3nm(1kV) -
R e m ODA K455 1 7% GO 15 - ODA ™ @ GO & 22 & 2 P 4I3 "%

o 4[] 2-20 #75F o
-.'~ ¢¥q". 4

6
W 2-20 5 2% § £ %7 e SEME

3. #1447 %k (Dynamic Light Scattering > DLS)

2 OA

P § A e

13>3-

RY R IERAR IR g AT FF PE

(Brownian motion) o § - & RALFHF o+ > ok DPRE § F AP
*EFk R IR B R A HE R A 2 B oS K BRI PR A
B0 TN T L i AT R SR A TR FRAT Tl o R ATE R R 53T 0
d;°F ¢ 19 3] Stokes-Einstein » A2 o 5183 255 A 7 ik - H 7 BRI o

Sl B ZS' " Zd/6
I = i
'8 ..d‘ ...(2_3>
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kT d, 1z FHE £ (m)

d:=

37nD, @4 k:awsd 0K
T: &R RK
n % #ARR (cp)
D, : #H4c % #c(m?/sec)

4, & > E@ik = * L3 (Fourier Transform Infrared Spectrometry : FT-IR)
E FE e R - A BT S T AR RS
FA P & TStk R o B2 R kR E - B R
Pk o 2 0 B PR E PRI R R SRF R BREF DR
Foo B2 FEBCALFRLAA B FEE(- BERFER) > TR
Wy 3 2 F E ek o ;ﬁ;—,d FT-IR %% § * 50 o B EA 0 H S
L o B 2-21 F it T B A DI A 1T10em™1(C=0 carboxyl stretching
vibration) ~ 1642cm™! (C=C in aromatic ring) ~ 1030~1161cm=1(C-0-C) %
3000~3500cm~ e Ak o 5 ODA :x {8 » % 2848cm™' % 2919em™t A 4 A B -
CH2 eng s > ® & 1564em™1(C-N stretch of amide) 13 ODA 4 § =& > %
TAREBTRE AR & A DA 1030~1161ecm ™ (C-0-C) 35 Pl 4 7 & fh & 12

Fc e prs €A BRECEE
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Transmittance (%)

y 1:iss

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

# 2-21 GO ~ ODA ~ GO-ODA 2. FTIR * 25§ "

5. & % #¥ (Ramon spectroscopy)
FORRBHIDAFI L I fos 39 T F 22 L F4EAS T (FY ’fr%g%ﬁi

PR R o FTR R 0 kT R T A B - B AR E

i

Lo EpeF enA 3l - BRI SFEY - BT A G IR A R R

G

fioo BAREATR G i B 4§ R @k a5 e kil £ 7
B o

dodk B RGO f A F b A d R B R B R 0 g Ik ek I S R
Mo R SLERR B TR o 5 BE S e AR & & Stokes shift e 4k
B RE R s F b Ao de ke PR B R M R I ks AR SR
B 0 ie- B A - 5 Anti-Stokes shift e

#ﬁ{%Kﬂ%ﬁiéﬁ%éﬁﬁéiﬁﬁwjﬁ?ﬁiﬁ’ﬁif%%ﬁ
BACSt] 5 o B iRR afe 0 A SR T et R AT T 2 e g R
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AT PE s T s o it Feng it Bl 2 b #o8in B o RN
Foehee A A kS are g foir bk Ao

HEERHA AR E kY 3 8 24F G band ~ D band ™ %2 2D band - - F¥
G band = D band €_¢ >t 8 fsp? L ihfede #1314z > 4 b & 1580cm v
1350cm™ Fie e G band # BB Fn ¥ W 54 d 0 HESRUR T spP iU By B
— PEATET > A fEALHREEY B0 5 D band 5 A R 0 MBS ELR S splius
Ajgx-point eef s drds o — 4m 7 > D band Ed PR FCR B 4em SlAe > H & T

L7 A D band > A5 HE AT 4§ N FRE RF L/l B

i

[67) _
%'] N F Ak Faedy ﬁwﬁﬂ)\?“
Gband £ 7 & H & F5 o9 5 2553 &5 &t > D band 5 & 3 4 > G band
Py TG0 7 R F RN SIS KR 2-227 g G0

ODA & Jiz 5 » GO-ODA # 17 3% # GO e 4 o

G
D
S
S
=
a GO
)
= GO-ODA
Graphite

o b
o - e

1000 1200 1400 1600 1800 2000
Raman Shift cm’)
B 2-22 GO ~ GO-ODA % Graphite 2- % k¥ (& & 514nm. )
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6. X-ray $&844 47 (X-ray diffraction » XRD)

X ¢ g5t (x-ray diffraction) B8 g2 [ tpeng »ajis > ¢ 354 &
X 52 455t (WAXS) foo] & X B3R 3554 (SAXS) o X kst k1" 42 T I HEF L
Yot > A2 XMRE Tt Adt o« FIo R L ARG FEIR > 27 F
A (O) N BHPF 0 g AL ER DT AR § BRIESST 2B 54 (20)

T RIURL o X SPARMEST A 4T L - ERUR B S 2 o A R TR

|l

T &

N

oo RipHBREY 0 d BHCYERE i g X 3R R ER o L A
£ # (Bragg) ™ #2353 & Il i & K B e
# 3 # (Bragg) > #2;% 5 :
2dsin®=nA > n=1 ~ 2 ~ 3--- -++(2-5)
PP dE A E oG BEE $0 AR g d ALK RS 0 5 X S

B 20 - L 4B AL X HBRLE

ﬁ%ﬁ%ﬁm’ﬁ“WmD%%w?ﬂﬁ?ﬂ%ﬁ@§1wwﬁw@ﬁw o s R
BEERT R el 2-23 71 0 MR SRS R VA0 R 2 EEEF VB
o200 =m0 20 k30 9 10 RenizE o dgd B AR AR Y R
iy L5 RFIENL 0.78mm; SER  AEAITER 0 20 A RFE L

o BR R G EEAE B T Bk R & T R X
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p _15000
/ /[ Graphite
/460 [ 12000 5
£ - ~
P4 | 9000 >
‘B
- c
| 6000 ©
£
| 3000
K
0 S : Graphite
Lf*k s - / GO
& Z Z Z 2 2 / ODA-GO
5 10 15 20 25 30 35
20

B 2-23 & ~3 7% -3 -7 52 XRD seigi

BETLAH
1. # € & #7 & (Thermogravimetric Analysis » TGA)
RELMPRILLBEER TR ERSNE R EFRAFTY Ro-f2 2 o

é‘-ﬁ- - ;L)i—r 'L‘rl‘/‘.g. °

2]

S S Y Y

o

BEARFRe 7 2R ~EES

oo /.B’.‘Z'F)i I% [l;,.f:l.‘ \*ir%;]%ﬁ\,."'i °

—mbe

TGA chfi® H ¢ & 4% :
[, iRl A5 R am & b

. 2§ At 5 PR LB AT 15 4 AL I ens 1
R AR kR AT ERPEN 1§ g AT 28

AR R R E B BRER cTGAEE A 17Hls HEA PR E R 2o
juge e S TOA K R T AR £ PR R R T - AR
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#-23 0.6%E &G0 2 GCTBN #7 8/ & = 7k ¥ Bfindf & A& BTk 5 iy
B e AT F A DRAE LT X e~ GO 2 GCTBN e 55 -

Yol 2-24 T A EMKPALRERFAF L A 320C =+ 0 oA d RS
PRERFZIINFEDEER JEE BRAFEMP AL L AR

o FT S BE T

2.0
— neat -100
~ 0.6 GO epoxy
O 1.8 —— 0.6 GCTBN epoxy
:g; -75 "
® 7]
2 1.0 ~
k =
£ 50 'g,
£
.%’ 0.5+ ‘,;\"
= -25
5
(=] oo_L .

100 200 300 400 500 600 700 800
Temperature (°C)

Bl 2-24 T F g 2 + 4+ 9 TGA 2 DIG w 4

2. £ T4 42 (Differential Scanning Calorimetry » DSC)

i
=
ED
L
|
b
pe
F_L

BAFREF AR o YRR BESER BB
%%@ﬁ%ﬁ%%%mﬁwomcaaﬁﬁﬁﬁf’wiﬁ%ﬁ%ﬁéwﬁﬁﬂ
FASRRDMG - 2 Mo b HRESF F & TR DRIES G - LD
R Er > ARERESTg-Tn 2 3 - B ES 2 K AF Mk i®E* T &5
ot s SRR GEMRTE > ADSCRIFH Y 2R ESHER TS TEFL o
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Oxidation or

Decomposition

Melting

Glass \

Transition Crystallization

Cross-linking
(Cure)

Heat Flow (mW) - Exothermic

Temperature (°C)
Bl 2-25 DSC 2z # |+ 5 5¢ i
3. # R Ak
F-2g o7 fl* DSC kplE £ B E Gfce R SHEF = - AT
- A2 JIr BRI BRFIFTED - AT o A4 ¢ oG E

Gl ® (Quartz) k 4 158 > ¥ FIF R ok B E Gk o

_ sz dy
Kx—Kqu—Xd— (2‘6)

2
q q

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

: thermal conductivity of quartz(Wm™1k~1)=1.37
q, ‘ slope of sample(W/°C)

qq - slope of quartz(W/°C)

d, : thickness of sample(mm)

: thickness of quartz(mm)
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4. #¥+4 #7(Thermo Mechanical Analyzer » TMA)

BOEE P B e RS kg dEd TMA T BRIPIFE DR R R
e TR T il e — BB G G APRAB B Ts(I 1V B 0§ AR A X Ts
P oA 4RE R L 0 Tl TMA 7 BB T Ts Bhah (S 00R & 22 810 o

AAEMTEFER DA A A2 W% o R F N Ts B 47 M P B L3

CER AR ERF AT LR AL BRI DA FR
i @ 2 B AT R G it B o B 2-26 Br 0 a1 Ts)fra2(F 3

Ts)eng & BT > #2300, 15%wtG0 2 48 & ##24- CTE & -

polyester +0.15%wt graphene oxide

T a0 540.80ppm*KA-1
oy
=
© heating : X
£ 613.04ppm*KA-1
g 4150 242.92ppm*KA-1 ‘
= cooling
5 i
B
o 490.96ppm*KA-1
4050
30 5 70 30 110 130 150 170 190 210 230

Temperture(°C)

8] 2-26 Zi 0. 15%wt 9GO 2 £ %'% [
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B fi fE A A5
1. # i ¥+ 4 47 (Dynamic Mechanical Analyzer - DMA)
PABBRPRELPENEAEHE ZAE s R P o A B RN

2 E4p 3 BEF 2 fEc(modulus) 2 4p % (phase angle)# FE £ (damping)

KPP o PR BRI OREF 5 TR d R ERET P A
AP s LR RT AL R RTARABIE - FRERG B SR

* R FACIHz 311000z o < § Bk B AURIE S R AR > 4§ h ARl
#2. % (bulk propertuies) °

= EE B A s R 0 4o 7 iclic(storage modulus v EY) & L4
Brigsadznd PodEPERRR IR T RBHE L F
Mo B s VIR R SRR A E Y 34 #Wk(loss modulus 0 E”) R
BARMZ B 254 > B3 R FSF (damping factor)# 4F % i *» (loss
tangent) ¥ o - @ 3 > FH- Mt - P Mo mE A2 R 0 PIER
B AP ZAEE L € R R P R o
BAFTREFBRIET

BATWHRETEEAR Y ARET 22T AMAAS 2R
MBI R o RS RF SRR R k- R TIEAR LA 3
Tl B ARG o AERERR mgjal"ﬂp\ BT R BRI AL S hi
AL S S B ERE IRk §R et o

50



BTV - T HORE o AL T RS TR ARESER

—ﬂd ’Tmﬁ"ﬁ;’?\%ﬁﬂﬁ?ﬁf%ﬁ“ )imTp?'%/m}i ° M paa’rir-‘g AF s LI

BARTy > RPWER T HEA DL - BRATHHL T DL Bhild
A2 ERE R - BARFRP AR - PRE - BRI

% 75 7] 03 % s i (hysteresis effect)#r# e o

Bl 2-27 5 A TRF a2 5% GO FG o & Atz DVA 2 % A4 « 4F & H
¢ i BT B AT SR MR IR T RN G B R A RABPL & B4 GO

1o FG ek 3 M 2 o A4F 11 2 gLRR % 28 a0l 5 Wl it e - 2857 7 FG 217k

BE AT R G AT (v o A H R c EFEAL B 0 T

FoRBREES IR RS 2 i 240 & 135°CT o FG /3§ Hifin i

Henpk g il Wik E Bt 2 GO /TR § BHadf Henid s s 9 2.7 % -

a) b) 1000
— Neat epoxy N
104 —— Neat epoxy
- - - Epoxy/Graphene = - - - - Epoxy/graphene
e e e o e iy P -~ Epoxy/Functionalised graphene
08+ 5 = :
S 20004
§
2 05 2
a 3 1500
c =
L]
" 041 % 1000
S
o
0.2 §00 4
00 . T . 0 y - — =
80 100 120 140 160 180 80 % 120 150 180

Temperature(°C) Temperature ("C)
Bl 2-27 (a) ¥ % F ifafrz £ 47 & ikt tan o fr (b) & 7F ik
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S RERMHPERHR 2
3-1 ¢ St
3-1-1 % § #if

()% § #f7: NPEL-128 (N128)
A5 23149/ 0 mF § B BEN:184-1909 /¢ » 48 112000~15000 cps -

A m245°Co A 1169/, 50 o NANVA 2 7 ki o

0 CH, OH CH, r
AN | | | A
CH, —CH—CH,- —n@—%—@-ﬂ—tﬁ;—ﬂH—CH;— —ﬂ-@—?—Q—D—EJH,-CH—CH:

[:I'I-‘ n EI-[:I-

W A
(2) #: Dicyandiamide (DICY) ¥ A 1 5

A 3% CHNe > &+ £ :84.08 g'mol ™' » 23 8-:209.5°C > # 8L:252°C »

% R:1.409/ 50 d Tedia 2 74 is -
NH,
L e
H_N’ 2 N ,(/N

(3) e A DICY i # 3¢

3-(4-Chlorophenyl)-1, 1-Dimethylurea (Monuron) - 4% 2-3(a) 77+ -
A+ 3% :CoHnCINzo » &+ £ :198.65 g-mol™"' » %3 8::173-174°C > #*2L:140°C >

2R :1.27g/cm’ 0 4 Tedia & @ 4% i o
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N, N-Dimethylbenzylamine (BDMA) » 4] 2-3(b) 77+ o
A% 7% :CeHsCHaN(CH3 )2 » A# &+ £ :135.21 g'mol ™' » %3 2::-T5°C» *2L:183°C >

2R :0.9g/cm’ > 4 Tedia 2 & # i o

2-Methylimidazole (2-MI) > 4-® 2-3(c)#7m o
A 7% :CsHsN2 >~ + #:96.13 g'mol ™' » %3 8:78-81°C» i*2L:268°C -

2R :1.024g/cm’ 0 ¢ Tedia & @ % & o

(4)7%
" A% (Methanol - MeOH)

A+ 34 :CHOH - %3 8L:-97.6°C » #2=64.7°C~> % & :792. OOg/

cm3

)

d Tedia = @ #& ik ©
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3-1 R

TJ“ %fu %\*

NPEL-128 - N128

Dicyandiamide - DICY

3-(4-Chlorophenyl)-1,1-Dimethylurea - MON

N,N-Dimethylbenzylamine - BDMA

2-Methylimidazole - 2-Ml

* 3% B 37.0 um

(4.75gDICY+2.5g I+ A

4 hr - 8.4 um

6 hr—> 7.8 um

8hr-6.4um

N
i

Methanol > MeOH
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3-1-2 7 &K

(D7 &: 43 2= A7 & (Surfaced Enhanced Flake Graphite » SG)

Particle size 5~10um’ % & %%.:3775 > ¢ Asbury = @ & & o

HEEERN

(2R o FHH: + A== (Octadecylamine » ODA)

R 90% 0 4~ F 3% :CisHsoN » Mw=269.5 > b. p=232.86°C - ¢ Acros = & #% & o

O

HoNo o o e
Lozl B8 SN

(3)i% #: EE ek
¢ g (Ethanol )

% & 789. OOQ/Cmg » & F 55 :CoHe0 > b.p=78.37°C > d Tedia = 7% i o

4 3+ -k (Water)

% 2:999.979/ 5+ &3 2120+ b.p=100.00°C -
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RE LA R gL
48 R RE 0V-602
E % TR B DOV-30
ARFEL B Hermle Z36HK
RZH A BT Sonic VCX750
R A B -
DLS Malvern Zetasizer 3000 HSA
FE-SEM JEOL Co. JSM-T000F
OM Nikon E400
FT-IR SHIMADZU IR Prestige
=l B&W Tek Iec. BWS415-785H
XRD SHIMADZU XRD-6000
TGA TA Q20
DSC PerkinElmer Pyris 1 DSC
DMA PerkinElmer DMA Te
TMA TA TMA2940
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3 2 p lé -ﬁ’lnbf}_

d 3 DICY - B 4n@ 4/ 5 25-30um ® R B > &R » TR F Mg » @ 2R
o7 33m F B3 2 2o A o B g Bkl A& (DICY) e % )
ARRRET LLIFY DR E AT o AR Fode T R0 50 R E R AR
AR S R E Y o BRI F B 4 KR R 5T 1 FR o

MR B et R }5’{; od WA ARE LDk FFES 0. 34nm > B
BRI NN KB R 2 Bt r 4 R EFLAFAFEIEMEFRI o FIP N
41 * Hummers and Offeman ¥ 2 ¥ M & F 5 & 5 )= F BILTF s A L H 4
T & ek BEE > B A% R iR i e SN e o

FoEF? gV RIZHRIT A" FBAPRIAT H IR R PP v R

re”?”]: cRAIE RS BAF R {3B3 R & .

3-2-1 DICY % &

oM

DICY Ball Milling -

Zatasizer

A gk R (B2 5 2mm) 2ok BB (9 92, 60cm®) 1k R4 80%iE 2T 4o 2 A e

# L g2 DICY +2.5g 2 A% > » % 5 246~ 8hr > 14 250rpm s T o B o
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% 3-3 B A

Ball Milling

BIhiE B R g 5 12

| 2 s A 3k B (MO) R | 2 468

il 2mm 7.125gDICY+2.bg i+ A= (M3) | #:# | 250rpm(Max)

4.75g DICY+2. 5g &+ & *=(M2)

2. 375gDICY+2. 5g & & = (M1)

3-2-2 % ¥ HigH

N128 10g
pICcY 7.5 phr Ball Milling —
™| Stirring DSC
Monuron 70°C 100rpm
30min
e Curing H | pma
2-MI

TMA

a). %§ M E Z|E

1. #-DICY ™ 7 Fe 3k Brif ok B {83 » Wegg )N 12 /] PFIS B 6 o

2. =3k % #4475 10g ~ 7. bphr 1 DICY %2 mag&] > 3 > s 3lig® 12 70°C > 100rpm
By L EFFERE T o

3. Rl
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b). DMA # % #/R = 7]

1. BT § Ay 10g 32 » 35155 Y o

2. AL & DICY & %] 12 M1 ~ M2 ~ M3 &= & 2hr ~ 4hr ~ 6hr ~ 8hr sk B=@ # -

3. £ 4o~ Bie A (MON ~ BDMA ~ 2-MI) & JE A& 1512 70°C > 100rpm 323 4= 30 » &
PR 2 o

4. )~ DMAHCE P B2 4R 2 RY > NE T ¢ BRER&EDL G O e 4

=

s 4t e
5. R iE it

Z 3-4 BRIEE A

N128

phr Cure(min)/Post—cure(min)

0.5 150(7)/170(T)

1.0 150(7)/170(7)
2-MI

1.5 150(7)/170(T)

2.0 145(7)/165(7)

1.0 150(7)/170(7)
MON

1.5 150(7)/170(7)

0.5 160(7)/180(7)
BDMA 1.0 160(7)/180(7)

1.5 160(7)/180(7)

59



6. FR = {582 B PXTX13mm HDMA 32 7 #FR] > = 31 e Bl(a)~ ()T o

c).

4.

B8 |} =n
BORERS L ‘

B 3-1 =3 @ztad ~(MRs ~()F & B

% R P s
N128 10g | OM

pIcy 7.5phr
Vacuum L4 DSC
Stirring

2-M1 1.0 phr 70" C 100rpm
30min "

MeOH  200ml r Curmg u DMA

TMA

. &~ 7.5phr <1 DICY 2 1.0Ophr 2-MI iZae# % » 200ml " f3 ¢ ==X R T

30min 78 - 7 e 10g %3 AP B R 4 7 2 70°C > 100rpm 3¢ F # 4= 6hr >

Bk R B340 T0°C o 12hr #7% A%k 3 g P chf e 4o
CoawsaliEg e 2 70°C o 100rpm 323 W30 A E R EFER E T o

iR e
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3-2-3 T EHF

a). Hummers and Offeman ¥ f- &2

[ 46ml ZRTK ] [mm: ZRTK ]

MEO# TRENABLCL
BEREAHS0RE

centrigufe

19 5G+ 23ml H2504{98%) ] stiming 3hr  \}y  stiring 1Smin  \

/ centrigufe
sttting 15min J Temp. < 35°C Temp. = 98°C (1,000rpm ; 2min) (8,000rpm; 10min)
BiRT~8%
(i)
DR
HiLRS

drying 12hr G0 1.0g

n'c

1. B 1g SG 4c » 23ml 9 98% HS04 2ty 5g ¢ 353 3§45 15 4 4 -

2. M ente ~ 3g KMnOu v ot P A BB AT A 3 045 & 35°C 11T 0 AR 54 R
Z [P

3. e » 4Bml hFEAE-K (K 15 A 48) > AR1E2E T 98°C 0 K415 A e

4. Bt e » 140ml P4k o e~ 10m] 30% HoOr % 2 F s o

5. %P3 DTS 0 A1 BEC 18 1,000rpn/2 A A A F T o Mt K B

R e~ 2 B3kt 8,000rpm/10 » 483 F T o F Ry R RGO

6. Bfs P2 Bk o 4o r 0 E PBallox #£ BaSO0s 7k » 4o%k 5 R £ 47
HFAOE IRk E BaSOs itk e

T, #piez g i© 2 &% ghe ¢ > ie T0C ¥4 12 /) PR 8 3] GO -
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b). % & FRagL

centrigufe Vacuum drylng
(8,000cpm ; 10rmin) ‘ ‘ GOAlg

ultrasamcabon 2hr

0.29 GOA+ cenﬁ'gufe HEE (entrigufe ALiE -l
| omtigde _ CEED
200mi THF {18,000rpm ; 40min) {21,000rpen ; 40min)

gTE 5TE
GOAp GOAs

GOAs 0.03g
Vacuum drying
24hr
GOAp 0.08g

ultrasonication 2hr

0.6g GO+
300ml EEFK

i 20hr

1. ~0.6g GO > 4v » 300ml Z4F-k & 15Ckiz TEFARFABRT 21 F(RYT
bsec > & 2sec v i R E T_40%)

2. P~0.9g ODA » #c » 90ml EtOH & * 425 st ieix BEM-0DA R F BBk -

3. ¥ @A E » FIAESLY 11 90°Caw i #2420 A BF o

4 ER I FEGUFEYC A 18,000rpn/40 A 4B A A T o g T
2 GOAp: £ & £ i i7 21, 000rpn/40 4 48 » # e & % GOAs ¢

5. #1278 1G0As ~ GOAp it TOCE 24 12 | PFi5 B o
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32-4%F Mt &2 K AHEAR

| GOAs |

7.5phr DICY + R E 30min
1.0phr 2-MI +
N128 2g
Vacuum DSC
® 2 30min Stirring
7.5phr DICY + 70°C 100rpm
1.0phr 2-MI + 30min
200ml MeOH o
[Gon | Curing H | oma
W E 30min
Vacuam 1 8w

N128 2g

a). N128/GOAs
1. Ophr =7 2-MI ®ag#® 2 GOAs “Agf A

P~ 2g N128 4¢ » 7. 5phr 0 DICY -~

1.
EFT BERYT 0 44
2. FREoorwssligd o 0 70°C o 100rpm 323 E 3 4 30 4 484 B3 g i1
o m;f; 78 o
3. W >DNMAH-E® (62 r4EBHEZ RY > NEZ ¢ ABER DL g g e
A1 4 o
4, BB HEFET B FKTKI3mm & 7 FR o
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b). N128(MeOH)/GOAs

l.

7.5phrDICY % 1.0phr 2-MI 4c » 200ml MeOH 4z & & 2iF 30 4 48 » £ 4c »
Placd 2g NI28 g ¥+ SRS 40 F 1R 6 /| Prafl ? So B 3
50°C #2418 #- MeOH 4o 4 -

A MeOH 16 cnth § iR ¥ > RS~ 50CE 2 %4 12 ]
P oo BTh 3 Bifn ¢ A& T o MeOH 4 3 -

B 47 gk 2 o~ 31 FG Y > 4o~ 6phr 59 GOAs » 2 70°C ~ 100rpm 3¢ & %
w30 # 43 o

Fr DMABCE P B2 r4EEE 2 RY > NE 7 ¢ AP E DL g g e d
SSEE LA

FUR R {o B3F T B PKTK] 3mm s 7 FR] o
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3-3 Mk ’l‘#-“'\ §iil
3-3-1 X-ray %% 4 #7(X-ray diffraction > XRD)

& = R SHIMADZU » A1 5L:XRD-6000 » 4% i & & 40kV > £ /% 5 40mA » i€ *

2 4 e 2 s b £ (A=0. 154nm) » ¥4 R 1.5 ~30 @A : 2 /mine

3-3-2 #& * F ik = L (Fourier Transform Infrared Spectrometry :

FTIR)

% % K29 :SHIMADZU > 315%: IR Prestige > i #icd # 5 4000~400 cm™" > # 45
= fefe B:16~1024 = > f247 4 3 4em™! o
AT HESRE TR EKBro k5 i £ 8 sample:KBr v p F3 & o A 47
AL 00 KBr iv# § #F 45 {5 Mo ¥ 45 2 sample & * #-E RAGE (7RI o

B PrR R R RS2 0 EWEA S 0.0040. 02mm F =) BaET AT o

3-3-3 #-F &#FH N T Hiks(Field emission scanning electron

microscopy * FE-SEM)

% ERCH JEOL Co. » 2155: JM-TO00F « %+ BEHci L1 * #3 ot by 52 38

TFAHALFY b RZF DR > L {17 URFHTF Aoy 23 10

65



B kens TS A e AT T R BB Y R R RR TR
il R A G AR E o I BT RTEHZT RIS ARG 0 £
T RARH AT RMETPET 2 2B TR 0 BETARAT R

1. 2nm(30kV) ~ 3nm(1kV) °

3-3-4 # % k3% (Raman spectroscopy)

&R F R B&W Tek Inc. - A5.:BWS415-785H « B~ %) 0. 5g 4> #8 T 4 £ 4F 7

By 4T s b s 0 1 T84.85nm F 5t 0 i & 304Mw & T & kF A 4T o

3-3-5 #iF 4 ¥7 %k (Zatasizer)

R E AW :Malvern > A1%5:Zetasizer 3000HSA » & - #f1* 180" # i k4t
B T PEdcnF fRAT R A 47 & o RS BT S 2nm~3000nm 7 4 FER

Lk F Imv enZeta @ £ o
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3-4 B AL A 47
3-4-1 # € £ 4572 (Thermal gravity analysis » TGA)

RERTTA > A150:Q00 « Bk St 229 g4 > £ 95 10mg > 2R
# 3 10°C/min > 2 8 # & 30°C~800°C ° Bl Tk S+ ¢ B A pl oy 3 e &

BoAn B IR R fodo < B RE R -

3-4-2 7 £ 4% £ 42 (Differential scanning coalorimetry > DSC)

&R B :PerkinElmer » 3% :Pyris 1 DSC o #-4F & #F B e & &P~ bmg »
B DSCH g o #iR# F 10C/min > 2B #F 0C~200C - ¥ R #F4F & #

B2 F R EREF EH o

-4-3 B E ik

& B RV :PerkinElmer » 3]%55: Pyris 1 DSC o #-Hfsl s> R & A 48R 2 8 [T
6mm > B & 5 lmm en[f] A58 5 o B3RP BN T0Cese4a @ 12hr. {838 7 R)2E o >
DSCHiE%® ¥ » sample > 3t sample ' *x 3 £ & bmg «rd5 & - 2B # 5 %
0.8C/min > =8 # & 20°C~40°C = f1* P{F 2 f23 % & F o drahQuartz

B4 ek f AR £ P g B Tl
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3-4-4 #.1% % 4 #57 (Thermomechanical analyzer : TMA)

& BRW s TA 41505 TMA2940 > #£4+253% 5 flat-tipped standard
expansionc “F %Y P> F F o MHEERERFIEEF L DF s doft
HESWHE SR SRR RS TR THA S AR RS LE R R
T AR TR g 0 B T E R E SRR & VR TR i o

<A S TXTX3mm ©

3-5 #HF AT
3-5-1 # & ¥+ 4 #7 (Dynamic mechanical analysis * DMA)

& B R® PerkinElmer » 3]5L:Te o 1% & g #8812 H 4 47 & (e
W :PerkinElmer » A1 5:Te)R| & » KA RZE WU 248 H AR S A S § R

o T AP AR G 12x13x3mm 0 R 4F e B B Y T0C 44 ¢ 12hr £ &

~E

Bl o FRF AEAGER 2 2 BREEY S 0 R T2 BIFAE S Hz BAETER 4 45
Tension 110% > # f& F ZRirF14& 15 5 dum > X T2 H#F 5 0°C~200C » 1
1I0C/min 22 2 BERHF - FREARAFI0C+REFRRFEY 23R BF ¥

DIRRREE TGS >N 0CTHFEL ABUEREFFA T s s 4
Bolics B R R VB TR 2B o
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B % 2

SEER SRS E L EEER L CER RS L R R R

LB ATA 2T SAN TR M A B A SR F B R A AT RIE -

4-1 DICY 3 &

4-1-1 fBrig 2

ﬂ\?ﬁ@i?d’*%f’ﬂ,’]& £ HDICY » %7 IR Epr R 4p it i o iEARY ik R 2

PAEHIR T BRI RT 0 IR A b AnepE A Bl R T o

F gz~ 45 & (DLS)

Zavg E.d p AR adcrrd g ) ke 4e(2-3) 3% o 2 DLS(Dynamic Light
Scattering) = A#_> 7Ris #rdiiq d) R end f247 975 K Arde FenT 2 RJIE S o @
number ¥ _Malvern #m#7%# dt ke fit 238 > 40(2-4)5% - Bl 4-1 TBp L F BT
MR § 5E 8 ) PR E S RS AR B DICY Apt 0 A £ BT 6 R o

M OAIRE AR T g P A F A b0um e 2 ApEOT AR E D S o TR EE O 1 A

R BT RN
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T2 47 037, 016pm T 35 i 6. 423um

S@e dutndbenn) $aze detdubion(s)

%00 w
=
% ”
; i
- c
Z < 80
€ 80
i ﬁ
o 00
© a0
) )
“ 10 ' " 10

Clamater (nm) Diamater (am)

(a) (b)
B 4-1 (a) Azt B > (b)zk B (8hr)z Zetasizer ¥ =i &4 % §

BT RF RIFHF R DICY HAR AT o Bk B R o SR

40 REE (D)

37.0 -
1. 125gDICY+2. gL e, | (M3)

4. Tog DICY+2. gk ks | (MDD

2. 3T5gDICY+2. Sg ek | (MD)

10 e [\/]1 . 7.9 6.5
—e— M3 — —
——M2 ' 6.4

5% BB (hr)
W) 4-2 T BepE B $HR 2 47 5L
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4-1-2 B it T

% & &g pca(0M)
B LA 1 R (DICY) gk & s 88 4 47 o B 4-3 1% & 5 Facst (OM) A~ 47 >
4 DICY a7 xR Brpe > iF 2 v B S4B R 2 BT S 0] o d TRV RT

#:DICY ATREPF€ 3 PR ORED AR Gym 3B > ¥ 0 d BB RE

B H SO EP R B RS ) o
MO(200%) M2 8hr(200X)

B 4-3 3% 2O0)2 3k & Shr(M2)2 OM ]

F5 b4 4 28 T+ BacsL(FE-SEM)

JE_FE-SEM 7= ¥ gL 3| A 3k Brermd 1 &) DICY Bl ® BB X ks~ > fpfm 3

TR 8 ] e DICY pfi P AE:c g - ¥ AR R L BiTFA) > oW 44 -
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Bl 4-4 &3k E(MO)¥ 3 B 8hr(M2)2 SEM H]

4-2 % § Bipa A v

4-2-1 ¥ a s

7 £ 4% £ #:2 (DSC)

d T DSCHg 2 F e B 2R S RESIF e R o FI S 41 plie DSC 4
CHER S ¥V 2 3RS FIEENS L ENN S £ 2 E RNy B0 A
Moo FooF HNEF IR B DR TAR RAR] > BIRF Bifig ¢ A SRR AR > ARG 35
RE S PR R R FORRT S 4DV @] S RTAR) B F

Tefi s &bt 2 FHES o FIpPL A L E fo g FIAL I R TAR ] > € F RARR IS o
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30 -
25 » v.
— ~_4————-————‘ il
% -~ /-—-
~ /
g 2c -’- --------- L ™S -'Q'\ \J Px i
% S 7
3 N
15 4 37.0um
—_—— 173
I . 1
............ 6.4
‘c L] L L]
0 50 100 150 200
Temperture(°C)

Bl 4-5 4 s AT 1 F 2 B8

F 4-1 ks tep e k& 2 DSC » 47 5% %

Peak(°C) AH(J/g)

37.0um 152.03 279.64

17.3um 149.61 308.66

7.8um 147.50 332.42

6.4pum 145.65 336.02

1 183 4 47 (DMA)

! 12 1 -’t&l?/.w_)i*li-?’?rﬁé\’*ﬂ ﬁgﬁ}iﬁ’ﬂ&;%gﬂiéﬁ‘%
W SRE  AS BH AT A 3 A UE Y RHEEFRAD D

AR EIS SR A R LK I A O R

P g o DMA B % 2457 4 I AR B (37.0um) 0 DICY 715 kUt K B > ¥R
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AR ah -5 h BRI A HEPBACERY  EFRER ) {5 A3TA%Ri M
fn? BV F 35— o RERF o ¥ tand T RB T B RLL ABEH

B (Tg) » % kuzdx ] > Tg "2 HF o

Temperture{"C) Temperture{°C)

(a) (b)
B 4-6 # o2 (a) iy 7 el 47 2 okl ~ (b) s # 8 & (Te)

F 4-2 kIS teAn e kR 2 DMA ~ 4755 %

E’'(MPa)
Tg(°C)
#7315 (25°C) | #5% A (170°C)
37.0pum 138. 79 502. 08 43. 060
17.3um 158. 03 375. 52 35. 765
7.8um 161. 86 359. 90 27.433
6.4pm 168. 42 489. 24 31. 248
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4-2-2 3 F WCEMEF 2 B P

7 £ 44 £ 402 (DSO)

F 4-T 5 7 I iRae A2 DSC B o Wi 4o A i A ok § Mifia &8 = i 5 5
B F OB R K e 2000C o 4o » RLEAS R F BT > RUEHF RE R B R
F- % MON>2-MI>BDMA » % -7 X7 o T MON & { 3R R A € B4
FoF Js ;s Apddm 5 o BDMA R € Bdi Mo R ka e F 0 @ F RERE & T
R R RERRA A Ml 2 F REERE KT N EF REARE 2N 2GR

C I ETETS N

30
| /L
B8 AT - i - —— -
/ e
. eenee V —
E b
3 201 e
w
s
15 4
—— VION
R = 7|
- = BDMA
10 — DUTE D'ICY : : |
0 50 100 150 200 250
Temperture(°C)
B 4-T7 % I i8:&&| 2. DSC R
# 4-3 7 Fp BagA 2. DSC » 758 %
pure DICY MON 2-Ml BDMA
Peak(°C) 202.32 162.03 147.40 143.89
AH(J/g) 178.74 210.81 328.84 256.08
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# i 1845 4 17 (DMA)

MON Az P @iv b 3 % A4 ik » HRAT 3 %2> 2 My ,,;]wt e bt
B DA R DA GE R B X pT A o @ FDMA A5 R AT 0 AP e ek
BT o2-Ml 233 BESER > 27 aiple BBy > §FIAAIF
- RERPFPERF > wpdBESFTLE LA Dn g 7l TgRE > 4Bl 4-8

BT o

1049

__________________ G
08
1848 +
. 06
: w0
t :
u Y
1e+7 4
02 4
1 mon ) oA
—_——— 22 00 4
P 3 BOMA
1846 T T T T .
0 50 100 150 200 0 50 100 150 200
Temperture("C) Temperture(°"C)
(a) (b)

Bl 4-8 7 F moed2 (a)id % Bl 4 4 ol ~ (b) LA A (Tg)

% 4-4 7 F BEEH 2 DA A 47 % %

E’(MPa)
Tg(°C)
P (25°0) | HAR A (170°C)
9-MI 173.42 532.53 41.99
MON 108.53 587.49 4.780
BDMA 147.51 500.60 10.08
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4-2-3 BR8N 3

o £ 4% £ #:2 (DSC)

Bl 4-9(a)™ 7 &1 > F 'k APt e Aok d S 0 2 BIEGEA T § EF R

|k

FHAFRERT R AR FRERERAMR 4T - R 4-9(b)
Bl MEROPFIGEF SRR E A E 0 F RECAEFZ A EDICY 25k %
Btfn & 0 ok Red i o 2-MI RGEANEF R R 4o FiE 1L Ophr 2 18 - 48> T

P

2 47 Al Ophr 9k B f Ay 1B DICY "’tai%i *ﬁ’ﬁq 73 ﬁ,ﬁ:ﬁ"ﬁg i“E R e

170 167.21 360
165 i 162,11 340
* ~ 160
160 ——a 320
91 — o
_ 155 56300
g ~ F
X 150 280
i =
o 4 , & ocn
145 o4 = 260
==MON =
140 =20 240 W=
7234
135  =h=BOMA 220
30 200
0.5 1 15 2 0.3 1 1.5 z
phr phir
(a) (b)

Bl 4-9 # b iased st e 2o (a)F BEACC) ~ (b) 7 B (AD

B 15 455 4 45 (DMA)

Bl 4-10C(a)¥ 5 21 MON L&A F]5 R BB A M "EF R R ¥ F 7 b 7 il g &
ETE o RIPEASEARTE o 2-M & 0.55] 1. Ophr BF Tg § + = gt o Hak
Fogr g orik DSC ehF RABE AR £ 0 K RAR A FORE R RS

IR RN A > @ Tge® o BDMA B & 1. Ophr 2 {6 Tg " % > £ 7 B R % B
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ERFHAITHAF & o B 4-10(b) &7 & > MON mEEH| 3k ¥ B ® F15 R

Al

BF %20 BRI S A o 2N MR A B § RGBT

B w2 0phr FREFHET > AT kR BBIFT o § TP HELT -

25°C
1 ‘< - 170C
(a) (b)
Bl 4-10 7 b iEsEH e 2o (a) B # AR &R (Tg) ~ (b) E(MPa)
F BT A 15 (D)

Bl 4-11 5 maeH 2-MI Ade 2o ™2 TMA & 47 - A2 R4 » 5 & F
BRSO B 6 HOBIE A S A RS 0 TN T URB IR
B IR LR R RS RS RE - b ke s
B 40-60C FF eha %0k hlic s ay, 5 8 & 170-200°C ¥ ens i vk T i o

T AT R F e AT 0 AR R MONTRF A 2 R R T
SO A B R R R TR R 0 4 E i A e o AR R R
P MAERERBRFAWIEFTLIAAP R o a B AR 0 A 0.5-1. Ophr B # it

BEREFEARKT G RBAET o FRARAE T L.ODhr g Fla kR B B

il
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BRAOTUE R RF A R ARR L Tg g i AR R £

100
80 -
i
== 60 -
ﬁ,
8
= 40
ol
S
5
£ 201
[
0
20
03
0.2 -
(&)
U
5 o044
@
«Q
ke)
o
00 -
01

T T T
20 40 60

T
100

T T T T
140 160 180 200 220

Temperture(°C)

(a) #WIEF 2178

T
50

100

Temperture(°C)

200

(b)# I S 1L $HE B — A o 4R

Bl 4-11 ae&| 2-MI &7 k& 2 TMA B

F 4-5 e A 2-MI 7 ok B 2 TMA A4 A 45 5% %

IsCC) a(um/°C)
a1[40-60] a2[170-200]
0.5phr 67.03 0.767 27.80
1.0 74.17 0.983 28.65
1.5 74.45 0.978 25.47
2.0 75.24 0.583 44.26
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E LR gRE S

DSC+ ¥ vt % 2§43k § M AL 4 e 2 @ W R pl o 7 0 B R S
sl 5 2-MI SR A TR § B BURIGE 0 5 B EE G T B R0 B
AEGL A pEEERI G 2R NS B GEGRE o J B 4-12
e e 0.5phr 2-MI fGe A enik & 0 3 @ 9 Gl s 0. 1990W/mik > HEF i

SEHRAR G AR AL IR F > Bk T 1 ophr PR S R g

0. 1403W/mhlc » B 7 4 54+ 2 @ B § AT > £ LR 1. 5phr 1 &
£ E G Lo
30
— Quarntz
. a— = 0.5phr
s ! 420
il || me———— 15
3 = [ """..“. Sivivesiisivissaveasesd | oresvsevesses 20
N S—
'§ T e i ”,4"\
w - S T e A
5 e s
-
L::D' 15 o =L \\ ’’’’’’
£ e o o e e
10 1 / \
32 314 3'5 3'8 4‘0 42
Temperture(°C)

Bl 4-12 2-MI fae® &7 fe ik B 2 £ i8 F % cF)

F 4-6 2-MI BEEM a7 PIER 2Z £ B HE RHA 78 %

w

K(—)

Quartz 1.37
0.5 0.1990
1.0 0.1652
1.5 0.1403
2.0 0.1403
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4-2-4 3 B3

ERUAEY B A 2 EAFEHPR > LRGSR BT B EERTE SN
TITeF Mifia? o G R LGERFHT M- FRTEEF 0TI fR 0 Aol 4-
13(a) » 7 » Th ¥ Mifia  todo § 17 40§ AP M 27 B3RS 0§
BoF TSP R G I E R M T ST MR LA R

Fftv ¢ o B T AR 2P R G T A GUR Y M 0 4oB] 4-13(c) -

(a)DICY, 2-M #c » MeOH * 2 F (b) 7 FFr ok § #Hfiao s W4
B 4-13 48+ & & /=428

T 74 ke

Bl 4-14 R 12hr (8 5Bl o d "R 3 B A AR S8R

-~

Food o @A RR S F0d RIHY ERERE AR o ART F N

T iR AR M A SRR S A bR S LSk e W A5 Y 0§

AR T BAREAT FILREN S ERFIE-F 0@ #\”T o A g

Y

FFiF BRRABDERBI? B iled v B PR RE AT o RN >S F i Y



AL AT 1A 2 DGR R IR B 183 AIRA S2 1547 N el BT L) 4 R

(a) N128 (b) N128(MeOH)
Bl 4-14 % &>+ 8 12hr {5 $ @

N128  N128(MeOH)
(a) (b) (c)
B 4-15(a) =& ~(b)B& ~ (c)F & 2 x5t #E

& kg pcst (0D

AT A ARIOTR Y Bffla e BRI A 2 F B R B A Ao 4-16(a) -
T 5 TR Mg A L AR RO AR R BT A RS B A HUS
3 o @A T RAROERY Mifad BT RED RARRIEAT A R 2 AEH|

SR RN > PR BPREEARUIER { 54 0 0Bl 4-16(b) > e ® i

ARG P AR WAL 5359 0 BB G kenA $e ATk MY o
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(a)N128 (b)N128(MeOH)
 4-16 (a)N128 ~ (b)NI128(MeOH) 2 OM F: #ic
FE ¥ fe 3 T 5 s (FE-SEMD
FEFE-SEM 7 % 81 4e » i e Bleimd ¥ > § 15 05 2okl db R B R § M
F R A T R T TS o ol 4-17Ca) ~ (b) 3 1T T A A

ﬁa:/ Se BT % ~TRE R > H

D

BT R DR AR T R TR e 4

17(c) ~ (d) -

(a)
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()

Bl 4-17 (a)(b)IN128 ~ (c)(dIN128(MeOH) 2 SEM +* f [§]

FoF L R BRI OT A FRERZUE BEBEST SR

#1719, 45MPa ¥ it A F] G e MRt ) FRUBE LA F

%0 3 800
300 00 700
%50 250 600
=
= 500
\J 200 » S G
3 T g
N : T 400
g 1o L 8 0 150 2 =
a 500
100 100
200
50 50
100
0 g .

Bl 4-18 7 &> s 2 (a)DSC

84

£(25°C)
719

578

Tg
165 169 F'(170°C)

80
=

(b)DMA + $2 8]

3

17 4 DI F g ok T2 PR 0 @ Iy Ak c0RE 3 BrBE 578, 16MPa

800

700

500

400

300

100

0

E'(MPa)



FAB B A 47 (THA)
e M ARIETRE MR Tl VT BALBICE BB A S AZEREFA
4L I EEE (7 P ) e R R A {4 R AL K

BAFCER Y RN R ROk M B -

100 03
— N128
— N12B(MOH)

E 0
= & —
l ‘{ O
- o
b £
S 40 ; "
2 2 01
G 2
O i
§
E
(&)

0

T
it
T T T T
b ! 4 ! : 0 20 0 60 30 100 120 WO 160 180 20 220
0 50 100 150 200

. Temperture(*C)
Temperture(*C)

Bl 4-19 73 s 2. TMA )

43 § BT B BT F LR

4-3-1 = &F L+ 245

% & &g 4 (OM)
bk S BMELE ST F R 4-20 ¢ F 2470 SG % 4 BB 0 @ GO 2 GOAs

hARREER T 0 GO e R R E T A AT GOAs £ o 4o@) 4-21 ~ B 4-22 #or o
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B 4-20 SG 2= OM ]

B 4-21 GO 2 OM ]

B 4-22 GOAs 2z OM [l
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H5 ¥k 4 3% T B gt (FE-SEMD

SR I RE L BER AL 95 5-10um > & FE-SEM 7~ % 5 -
AT ERER TR A RS ART @A AR SR
5 G 80~200nm v 4ol 4-23 5 (i ARILHI KT R JEd §F T
AFR e Lk 2 Feelt @ W2 LRI LI RIRATREA
¥ fltkRE 7 BB > K FE-SEM @ w %2 B A G 5 80-150nm > 4e
B 4-24 o 3 4c B 6 S 1A ODA $4F 1 7 53817 20 ) premie i - £ 58 @ o
oLt TR EE REEIOG00As 7 & AR S 20-60nm =% 0 de

B 4-25c d FE-SEN T RLENF - 7 Sdd 51 cefF o BB 2 A4 » &

OM “TR %2 cidpes £ o

SR 423 3 2 5 SG 2 SEN
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Bld-24 § ©* % GO 2 SEM H)

W 425 § 1 {7 & GOAs 2 SEN B

4-3-2 Firle= T

X-ray $5 4 47

VARG LR R & BS54 26,01 58 Hummers
and Offeman method :c {7 % i 7 % » ¥s+% =% 4 26.01 #H# 1 11.03
BESPHE GE A 4B IS o Bis I ODARE {74 481 s e GOAs o 1 B HEsuE &

B 1103 2#%%3.82 4B 4-26 - & 4-T A% (2-5) #13+ 8 dieh
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PERBIEDLEE o 7 NP F 500 EA TIEG ARRARL S -

— — — — 1 GOAs
N — — — 2 GO
1 — 3 S
_./\‘\
. . /,"‘\\
‘:;' - """N..__mm’-/ ‘.\"‘-*---~-___-
= n \
£ I\
k g A
r\
4 / \
!
»
2 > 4 \
_\“"NM \.‘g‘-mm---‘..".\. ...... M
3 e
5 10 15 20 25 30

20
Bl 4-26 SG ~ GO £ GOAs 2 X-ray £t [§]

7 4-T7 SG ~ GO & GOAs 2. X-ray Se&+4 7.5 %

20 d
GOAs 3.83 2.304nm
GO 11.03 0.801nm
SG 26.01 0.342nm

& 2 gk o oh A4 kB R 3 (FTIR)
TREPEED § 0 IR u@éégkﬁﬁr’gé.r%& R S-S Y S
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348 FEET A AR

-1
Wavenumber(cm™1) Assignments
experiment reference
O-H stretching vibration
3359 ~3400 and
N-H stretching vibration
2926 2918 CH3 asymmetric streching
2842 2848 CH2 symmetric streching
1729 1726 C=0 stretching vibration
O-H stretching vibration
1621 1600 and
N-H stretching vibration
1089 1103 C-O-C stretching

it B ¥84 6 3# 4 47 (EDS)

FI*  BACH R F R FAEA P LEEF PR AGRY T E RS
BEGCF AE T S FH e BFLER e SR N g s F]E G 30
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§ 5B GOAp R 1F > o

Spectrum 1 Spectrum 1
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Spectrum 1

GOAs

Spectrum 1]

? 4 B ] 10 12 14 16 18 200 2 4 G 3 10 12 14
Full Seale 1230 cts Cursor 0.000 ke Full Scale 1229 cts Cursor; 0,000 ket

Bl 4-28 < 7 & <% A 17 H]

#24-9 s FrEAZ AP

Element C O
Weight Atomic Weight Atomic £ £ 14 (0/C)
Graphite 94.60 95.76 5.40 4.24 0.06:1
GO 52.89 60.12 47.11 39.88 0.89:1
GOAp 85.04 88.32 14.96 11.68 0.18:1
GOAs 90.43 91.74 9.57 8.26 0.11:1

$ & sk (Raman spectroscopy)
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1350cm™ ke s G band & BAAREEESHE 1 SRS HIEH AR S spP i ¢ By B
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£ A 47 (TGA)

dOTGA AT B X ABEA S EE L 5 G oA R4 d e 18 LT

N

FEFEAMEERAL ] A FEE o FEFERL L L TR

i

FRBTEFT A HBEREEFLE S AR Aem T 0 4B 4-30 7 o

_F\m
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—— 12836 Al
- - 128012
- 80 4
?
]
5
:
40
20 4
o T
200 200 00 800
Tempertire{"C) Temperture("C)
Bl 4-30 © 5% 2% 552 T6A B
2 4-10 48 +73 Br 2 TGA ~ 47 5% %
Max. degradation temp.(°C) C% HEELEHRY
Epoxy DICY 2-Ml| GOAs
Epoxy#lif} 262.33 8.8 - - - -
DICY - 0.69
2-MI 170.26 0.66 - - - -
GOAs 391.24 373 - -
N128 359,07 12.12 92.2 6.9 0.92 0
N128G6 374.40 13.07 87.3 6.6 0.87 5.2
N128G12 414.45 13.96 83.0 6.2 0.83 10,0
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7 £ %8 £4#(DSC)
FATEFOEE A TS TR AR B Y L F R PIAR 5k

FOFRAGHLEFR S AR R F BEACF RS H R AR

AT AR B e REFT F e 7 o 4o 4231 907 -

0
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Temperure("C)

W 4-31 7 &% & % 52 DSC M

% 4-11 7 &% e Sz DSC 4 47 5% %

° [0)
Peak(°C) Delta H(J/g) ke & AH Epoxy(Feed%)
N128 143.28 315.1358 341.80 92.2
N128G6 146.86 317.6181 360.98 87.3
N128G12 149.30 318.4217 383.64 83.0
5 1 H 4 45 (DMA)
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1e+10

a) — Ni128
E' -—— N128G6
—.—. N128G12

1049 +

1048

EE"

1e+7 4

1046

0 50 100 150 200

05

(b)

0.4 -

0.3 4

né

0.2 4

0 50 100 150 200
Temeprture(°C)

B 4-32 7 &% e a2 (a) i s ik 3 % 0 ~ (D ##08 & (Te)

3412 7 B4 oz DNA 4454 %

. E’(MPa)
Tg(°C)
P38 15 (25°C) ¥ 15 (170°C)
N128 168.32 578.16 21.63
N128G6 170.58 1227.8 59.14
N128G12 171.85 1350.3 43.28
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FAB B A 47 (THA)

BB R BRY
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2 4-13 7 & oo s THA A 47 5% %

Ts(°C)

a(um/°C)

al1[40-100] a2 [170-200]

N128

124.56

0.883 23.67

N128G6

137.63

1.367 9.50
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143.69

0.901 23.67

FL R gE S

DSC » #c * *M4fHHz BB Eplza > M 7@ F¥AFHEFLRRIR Y

B SRR B EAR G R E RO R KA T g s I FE i

EHflenplF > e R ERGE GRS A H R B E Gk

97



AV P # @ s 0.16520W/mkk) > fode » T EF 15 0 EFF e B H
e A B2 RS o 12phr BB RO B AERS D
0. 6819(W/mHk) » % % 2 B4 £ § BT F erB @R o T EF R BRA DR

S SRS U

30
Quartz
— N128
- - N1238G6
/”ft — . —. N128G12

25 4 e )
2 S i p—
E — e - S— P - T —— — | — - a— - —
o
9 -

-~

o 20 i ’, \\
.8 e Ay
B | oo, . N e e o e e e
=
o
(TN
® 15 ‘————/\
@
5

10

32 34 36 38 40 42 44 45
Temperture(°C)

B 4-34 7 5% fo % ox 2 £ 0 ¥
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N128G12 0.6819
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X-ray #5844 47 (XRD)
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$# % sk3# (Raman spectroscopy)
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1,65+ 7 4c PITR § Mg 14 0% 5 R 8~ > 70 EF) 5 TR T M K BT F &0k

o g2l F g REEFE-HBR AT [IH 5 TE

1400
—— GOAs
— o/l
—_—— —  N128G#2
1000 GOAs 1.65
3 N128G6(MeOH) | 1 s
:7’5} 600 i
£ - N128G6 1.61
200 - N128G12 1.58
0 - /
200 _-_,*\\/, ,\"/ ‘ \\/.#d-“
800 1000 1200 1400 1600 1800 2000
Ramon shift(cm™)
Bl 4-40 4 + i3 B 2o £ 8 L3 B
# & £ 47 (TGA)

d TGA » 47 BL% 3 > %/] S A Ag (B8] 4-30) 22 40 » @ fg03 ] g+ 4p vt

ﬁi, Fﬁfﬁﬁ; _H"}'_— ﬁ" }LF/.W_ _'5.(;" %‘Jfﬁ/%)ii'ﬂfﬁ? ”'Tj’;‘!t'ﬂ o 4y A ®
FRa e & M H S X H R R R FIE > & 7R B aks )
HEETED T FIRG S PR

102



120

100 +

Weight loss(%)

20 A

80

60 4

40

— N128(MeOH)
=== N128G6(MeOH)
= = N128G12(MeOH)

DTG(%)

T 02 v v v
200 400 600 800 200 400 600 &0
Temperture(°C) Temperture{°C)
Bl 4-41 4F +73 & > 2. TGA B
420
414.45
410 412.25
400
390
__ 380
i:_{ 370
=
360
350
340
A (W]
430 330.49 ®
: W/O
420 [w/0O]
0 5.2 10
] E"'—ﬁ.—"“-?}ﬂ"ﬁx b )

14
— N1281MeOH)

- H120GEMeOH)
124 - N128G12MeOH)

B 4-42 45 1173 B s b~ A 2R & (Td) 2 v

5 £ # 45 £ #(DSC)

A e B A g (B 4-31) 8 e » 7 IR73 ATAg H AR 0 4o T REDAE

P SEE

EE X

103

EoRA e T ) A B RBA T F B Gem 2 B R



30

——— N128{MeOH)
——— N128G6{MeOH)
— —- N128G12(MeOH)

Heat Flow(mWw)

10 T T T
0 50 100 150 200
Temperture(°C)
N “';\‘ 2 '/ Y
B 4-43 45+ >z DSC B
152 330
150.14
50 325 134,01

148 149.30 Q}im’_y‘

o — 320
< T 315 31762
T 144 u 315.13
< 2

W 310
142 L]
® [w/0]
140 405
138 300
0 5.2 10 ¥ 3.2 10
B H &) & B4 (%)

Bl 4-44 4F 173 A »c 2 DSC v~

# i 18 # 4 17 (DMA)

>\4_

T e Al EAg (B 4-32)87 40 » @ B3 A eFAg 4P v B0 R BOBR] R

%

E ¥V Ty 4 a @ ﬁ%f’é HR YR B RGER TR ;]-Jﬁj—ﬁa{*ﬁ Preng 4 R BA L

i

FRb o SEF M BR N 0 N IR R B o F LAY AR

ARE o T IS R R L B e

104



1e+10

1049 4

—— N128(MeOH)
=== N128G6(MeOH)
— = N128G12(MeOH)

W 1048 4
u
1e+7 A
1e+6 T T T
0 50 100 150 200
Temperture(°C)

Bl 4-45 4§ +1% Az

T2 DMA &4 % fidic 2 3F 4 g ]

tan o ¥8 R Bl ¥ BLE S Fl 5 3 Hf

g <

[P

TR

05

Tand

B4 R e chp d Mo i3

RO Ao R

= Tg b e 3 o

——— N128{MeOH)
— == N128G6(MeOH)
— —  N128G12(MeOH)

B 4-46 AF 4% &>

Temeprture(°C)

<l 2. DMA g3 & 45 8 & (Tg) Bl

105

FEILE



173 1600

172.37
1400
172 171.37 .
171 ’ 1200
170.58 —. 1000
g 170 =
e 169.0 S EBOO
5 =
— 169
o goo
168 168.32
400
A (W]
167 200 —_— i
® [W/o] _ 5%11 EEI.;] 170°C
166 4] =] 14 33.78
o 5.2 10 ] 5.2 10
TR EAE(Y R HEmEN)

Bl 4-47 A4F 473 Al > 2 DMA +- 2B

BT L 47 (THA)

A i A e0Ag 1 (W] 4-33) 8 4 » 7 BRI R AF HHAR V- 0 Ao~ 3 R EAR &
HELE TR § B AT 1C 2 01 BR1S € R T enBOERE T S 0 e B o T AR |
SE X PR ) BRRROHE BIHCER S AR R E

e o 4-B 4-48 -

100 020 — . -
—_— N128(MeOH) ————  N128(M=OH) ‘ ]
— N 120GE{MOH) N128GEMeOH)

gp 4 wrreeeeeses N128G12(Ma084) N128G120MeOH) |
= X 015 ;
g i BT
& 604 L.
5 $

010
= 404 g‘
] ®
g a
E o
73

g m4 085
£
(&}

04 2L %

it % 000 -
20 +- T -y v v - Y Y T T v v v - v v v v
O 20 & S 80 109 120 10 160 180 200 220 0 20 & 60 B3 100 120 M0 180 180 200 220
0, . .
Temperture("C) Temperture(°C)

B] 4-48 45 103 Al rc 2. THA B

106



150

144.53
145
143.69
140
E:;. 135
e
130
125.03 A (W]
125
124.56 ® [w/O]
120
] 5.2 10
B B e Ao 4 ()
B 4-49 4743 B2 g iR R (Ts) v Bl

O R R R

12

M’F dvi% A edg 11 (B 4-34) 22 4 ~

Wi e R ftab kARG RT » R ik o A7

AR5 A EAF FHAR o T4 T IR

Sex
VA
v

A H

S F¢ 3 » 2 E; g‘ N e e
é‘]‘%ﬁ g} %E’”m—%‘l g @E F o
30
Quartz
—— N128{MeOH)
- — == N128G6{MeOH)
g — = N128G12(MeOH

25 R (MeOH)
S N - |
£
O 20 4 ’,/" \‘
2 - X ]
"D S L L. - RO,
=
o
(TH
w© 151 /"\
[
L

m;___//\

32 34 36 38 40 42 44 46
Temperture(°C)

B 4-50 4F 1175 &

=9

7
~

EARE R R 5

107

- )

B



09176
0.6819
0.6819
0.5860
0.259
w
0.1652 A W
® w/ol
0 5.2 10

% B A Ao & (%)

Bl 4-51 # @ H 447+ 53 Ao M

108



L~ B3
5-1 DICY #i= 441
5-1-1 7k B 5 A 45

1. € DLS & 477 {8 zf B pr AR £ #7(F P 0T o o 4% 0] o
2. M5~ 47 »DICY H L £ & "EFf B AR E > i1} B F o o
3. ¢ FE-SEM ¥ gL 91t 3 B 8 ) preral it A (DICY ) huis 2 250k % S S BB 8 A

ARl et R OAP

5-2 B § HgA L F RS2 B

5-2-1 # I 3h

1. & DSC # +7 » Azk B DICY 3p B B 7 3|2 5 038493 & Epoxy ¥
FRERR - FUSAR] 3k d ¢ DA fTRAARE > H i F BAERES
FREE RS WF fngh o

2. DMA %87 > AMEOFEPUKEE Y R 2B ESER (T ™ > 258

BREL RIS ARH VR R o FHCERFE o ;ﬁd tand ¥ BELE I 0 F R

AR ] Tg FE L -

109



5-2-2 # I BIEH 2 B4

1. MON & Jisi® B 2 DSC eriplie ™ i ® 2 F B Mo LB L F B3 R LIS
B s Tg i e

2. BDMA vt 5 ¢ 3 f& e A L F 5 Few F &0 2 DSC chiplz2 ™ F s ding MK iR
72> DMAHRRIES Tgx B > HREFTL o

3. d DSCiplzd 7 2-MI MaeH%E ¥ )k B 4 12 1. Ophr 2 8 A8 T 5% >
# 70 & 1. Ophr ¢k & @ a0 ii¢ DICY £ %k ¥ Affin (7 3] = B enml it F s - 7 DMA
Rl E A 2057 1.0phr B Tg 3 + 2 i F R 2RES R
T R A o & Tg B o BRF O 2-MI EEERITE G ORE R GHCE © h

2.0phr PR s frdicnt 2 7% > 2 T ER BB BT o € BB RILT -
5-2-3 o= sn ikt 2-MI iEse B2 B

1. 2-MI iz & TMA 2% 7 & & 0.5-1.0phr Far it Bse ¥ E R 2 7 % 3
Al d 0§ B RE T 1L 5phr P & FI AR R B BB BT R
AR AR Tg ch L A8 F dpee £ o

2. bABEGESSE T > TFRER M EREF A AR e ALEH KE

iR PAE .

110



5-2-4 i3 A2 85 5

1. F e r A7 B ¥ F 2R &l S0 BRE - & o RIS F

R ip A HRL R 2 WGEA B R A G T d

~m)

2. HCSEM BT 5 200 AR 4 8 e MM BT L T A ATARR Y -
3. DMA #h Pl % (9400 RT3 RS L BRIME B SN Y BH K

Bep o o Tg RS g SR F

5-3 < F T &

. F &ehk REEEDHE 4~ F il A2 7 B HEH

2. K SEM B 7 g 40 #R5F i ~F @R FRAPERSED ~HUEAR
3 o

3. Mg ¢ Farl § RN & TR SRR E R ID/IG e o 2 é«,

e hw BRI ATE D i F & ID/IG R g RE I o

b4 3 A F EF A2 BHEFHL PP

5-4-1 F &% % Hi 2 B

1. E_TGA &% 247 » & & )}}\llﬁ*m—}igkli%‘% T”‘W“””l wrgE 2, H OB FE 7

111



e A gA4 A RER L3 RAARTOEN SRR B ARk

2. BRGHAEL A GAHIF BT B F BEAS EL R -

3. BRET & B MRS L S AR R

FEFERA TR RULT RGPS EF T RGBS I

s 3 rR oo

A EF PR HHEDR > AFHE G LR DRBTL > it B~ o

5-4-2 B A H 2 BT

l.

FU% T ERA A fRIS AT A2 RLEA > FEORUER ] P R T Mg ARR K

QLB A AR R

2. v P ERREAURIZ BGER N B TRE B AL REHEILE R T

FAMGR A BB GHEEL A A o F WA AMB AN

WA R BT 2 H e o

3. v r B AR £ AL E TR F B AL 1 2 01 BNSUD R ideay § BB eh

ABE o R A AFIE R AR F A F R 0 3 S IR R R SR R

A RE R

112



2~ 37 v

L R F (2007) 0 Tk § Mg om0l 0 3 4+ 1 Eaeik e
X.M.Chen,B.Eills(1993),"Chemistry and Technology of Epoxy Resins",Chapman
&Hall,Netherlands.

IALY % F(2001) > FEF A A B R > VF 1 EDaRAE o

3‘/

T REMF999) 3~ F+1 %> 3 2BE 5 'L
S.Swier,R.Pieters,B.V.Mele(2002), "Kinetics of demixing and remixing in
poly(ethylene oxide)/poly(ether sulphone) blends as studied by modulated
temperature differential sanning calorimetry,"43,3611-3620.
A.J.Kinloch,S.J.Shaw,D.A.Tod,D.L.Hunston(1983),"Deformation and fracture
behaviour of a rubber-toughened epoxy: 1. Microstructure and fracture
studies,"Polymer,10,1341-1354.

A.J.Kinloch, S.J.Shaw,D.A.Tod,D.L.Hunston(1983),"Deformation and fracture
behaviour of a rubber-toughened epoxy: 1. Microstructure and fracture

studies,"Polymer,10,1355-1363.
BARA(1995) B A FAFEHAL(L) 2P F R o

£ 53 (2000) > #EPLF A FHEUFEHLTFL > R 0B FHML

E{{,'\? o

[10] R.W.Venderbosch, H.E.H.Meijer and P.J. Lemstra(1994),"Processing of intractable

polymers using reactive solvents: 1. Poly(2,6-dimethyl-1,4-phenylene

ether)/epoxy resin,"Eindhoven University of Technolog.

[11] 3 Fp 22(2014) » ffpieit R P s - M TRy A2y 0 B2 g2

113



EHLM -

[12]J.G. Dorsey, G.F. Dorsey, A.C. Rutenberg, and L.A. Green(1977), "Determination of
the Epoxide Equivalent Weight of Glycidyl Ethers by Proton Magnetic Resonance
Spectrometry,"Analytical Chemistry,49,1144-1145.

[13] Z.Dewen,L.Mangeng,L.Liyan,S.Tengfei and X.Wanping (2012),"Curing behavior of
Azo-containing twin liquid crystalline epoxy resins with anhydride,"Polymer
Engineering & Sciencepages,6,1375-1382.

[14] Schoff,K.Clifford (2010),"Crosslinking and crosslink density," Journal of Coatings
Technology,1,898.

[15] M.R.Saeb,E.Bakhshandeh,H.A.Khonakdar,E.Mader,C.Scheffler and
G.Heinrich(2013),"Cure Kinetics of Epoxy Nanocomposites Affected by MWCNTs
Functionalization: A Review,"The Scientific World Journal,14,1-14.

[16] X.M.Chen,B.Eills(1993),"Chemistry and Technology of Epoxy Resins, "Chapman
&Hall,Netherlands,1993,1-70.

[17] S.Wasserman and G.P.Johari(1993),"Relaxations in thermosets. XXV. Calorimetric
studies of the curing kinetics of pure and rubber-containing epoxy-based
thermosets,"Journal of Polymer Science,48,905-919.

[18] K.Horie,H.Hiura,M.Sawada,l.Mita and H.Kambe(1970),"Calorimetric investigation
of polymerization reactions. lll. Curing reaction of epoxides with amines,"Journal
of Polymer Science,8,1357.

[19] J.M.Barton(1980),"Kinetics of cure of epoxy resin system bisphenol-A
diglycidylether-di(4-aminophenyl)sulphone, "Polymer,21,603-606.

[20] M.E.Ryan. and.A.Dutta(1979),"Kinetics of epoxy cure: a rapid technique for
kinetic parameter estimation,"Polymer,20,203-206.

[21] Michael D.Gilbert (1988),"Mechanism and kinetics of the dicyandiamide cure of

114


http://www.sciencedirect.com/science/article/pii/0032386179902222?via%3Dihub
http://www.sciencedirect.com/science/article/pii/0032386179902222?via%3Dihub

epoxy resins,"Doctoral Dissertations,737, 1911-2013.

[22] R.Bernard, Lalberte and B.Joseph(1981),"Mechanism of monuron-accelerated
dicyandiamide cure of epoxy resins,"Polymer research division,20,1-5.

[23] W.J.Blank,Z.A.He and M.Picci(2002),"Catalysis of the epoxy-carboxyl

reaction,"Journal of Coatings Technology,74(926),33-41.
[24] 3 54(1922) > TR ¥ Aifg ¥ F 4% 0 3 DVRAL o
[25] 58 & T (2010) » B A~ F+ -+ 2 F kI A B2 AR GF LAY P A2 g

HAF -

[26] K.Tatsumi,N.lwashita,H.Sakaebe,H.Shioyama,S.Higuchi,A.Mabuchi,et
al(1995),"The Influence of the Graphitic Structure on the Electrochemical
Characteristics for the Anode of Secondary Lithium Batteries,"Journal of The
Electrochemical Society,142,716-720.

[27] A.K.Geim and K.S.Novoselov(2007),"The rise of graphene,"Nature
Materials,6,183-191.

[28] M.J.Allen,V.C.Tung and R.B.Kaner(2010),"Honeycomb carbon:a review of
graphene,"Chem reviews,110,132-145.

[29] P.Blake,E.W.Hill,A.H.Castro Neto,K.S.Novoselov,D.Jiang,R.Yang,et al(2007),"Making
graphene visible,"Applied Physics Letters,91,63-124.

[30] A.Geim and K.Novoselov(2010),"The Nobel Prize in Physics 2010,"Nature
Physics,6,836.

[31]J.H.Chen,C.Jang,S.Xiao,M.Ishigami and M.S.Fuhrer(2008),"Intrinsic and extrinsic
performance limits of graphene devices on Si0,,"Nature Nanotechnology,3,206-
209.

[32] B.Z.Jang and A.Zhamu(2008),"Processing of Nanographene platelets(NGPs) and

115


https://link.springer.com/journal/12166

NGP nanocomposites:a review,"Journal of Materials Science,43,5092-5101.

[33] K.S.Novoselov,A.K.Geim,S.V.Morozov,D.Jiang,Y.Zhang,S.V.Dubonos, et
al(2004),"Electric Field Effect in Atomically Thin Carbon Films,"Science,306,666-
669.

[34] A.Z.Obraztsov,E.A.Obraztsova,A.V.Tyurnina,A.A.Zolotukhin(2007),

"Chemical vapor deposition of thin graphite film of nanometer
thickness,"Carbon,45,2017-2021.

[35] L.Xuesong,C.Weiwei,et al(2009),"Evolution of Graphene Growth on Ni and Cu by
Carbon Isotope Labeling,"Published on Web,9,4268-4272.

[36] % 2 (2010) > % S # &L " EF A+ L B AHI M2 > FE
AEBTF I/ TRHLG T o

[37] P.G.Ren,D.X.Yan,X.Ji,T.Chen and Z.M.Li(2011),"Temperture dependence of
graphene oxide reduced by hydrazine hydrate,"Nanotechnology,22(5),055705.

[38] H.Kim,A.A.Abodala and C.W.Macosko(2010),"Graphene/Polymer
Nanocomposites,"Macromolecules,43,6515-6530.

[39] D.R.Dreyer,S.Park,C.W.Bielawski and R.S.Ruoff(2010),"The chemistry of graphene
oxide,"Chemical Society Reviews,39,228-240.

[40] H.-M.Ju,S.H.Huh,S.-H.Choi and H.-L.Lee(2010),"Structure of thermally and
chemically reduced graphene,"Materials Letters,64,357-360.

[41] B.C.Brodie(1859),"On the Atomic Weight of Graphite,"Philosophical Transactions
of the Royal Society of London,149,249-259.

[42] L.Staudenmaier(2006),"Verfahren zur Darstellung der Graphitsure," Philosophical
Transactions B,32,1394-1399.

[43] W.S,H.Jr and R.E.Offeman(1958),"Preparation of Graphitic Oxide,"Journal of the

American Chemical Society,80,1339.

116



[44] O.C.Compton and S.T.Nguyen,"Graphene Oxide,Highly Reduced Graphene
Oxide,and Graphene:Versatile Building Blocks for Carbon-Based
Materials(2010),"Graphene Science Handbook,6,711-723.

[45] N.l.Kovtyukhova,P.J.Ollivier,B.R.Martin,T.E.Mallouk,S.A.Chizhik,

E.V.Buzaneva,et al(1999),"Layer-by-Layer Assembly of Ultrathin Composite Films
from Micron-Sized Graphite Oxide Sheets and Polycations,"Chemistry of
Materials,11,771-778.

[46] M.Hirata,T.Gotou,S.Horiuchi,M.Fujiwara and M.Ohba(2004),"Thin-film
particles,"Carbon,42,2929-2937.

[47] S.Stankovish,D.A.Dikin,R.D.Piner,K.A.Kohlhaas,A.Kleinhammes,Y.Jie,et
al(2007),"Synthesis of graphene-based nanosheets via chemical reduction of
exfoliated graphite oxide,"Carbon,45,1558-1565.

[48] A.B.Bourlinos,D.Gournis,D.Petridis,T.S.Szabo,A.Szeri and |.Dekany(2003),"Graphite
Oxide Chemical Reduction to Graphite and Surface Modification with Primary
Aliphatic Amines and Amino Acids,"Langmuir,19,6050-6055.

[49] S.Wang,P.J.Chia,L.L.Chua,L.-H.Zhao,R.Q.Png,S.Sivaramakrishnan,et
al(2008),"Band-like Transport in Surface-Functionalized Highly Solution-
Processable Graphene Nanosheets,"Advanced Materials,20,3440-3446.

[50] C.Nethravathi and M.Rajamathi(2006),"Delamination,colloidal dispersion and
reassembly of alkylamine intercalated graphite oxide in
alcohols,"Carbon,44,2635-2641.

[51] S.Stankovich,R.D.Piner,S.T.Nguyen and R.S.Ruoff(2006),"Synthesis and exfoliation

of isocyanate-treated graphene oxide nanoplatelets,"Carbon,44,3342-3347.
[52] A B (2005) » % F 25 RELAHFL Y 0 o
[53] S.Stankovich,D.A.Dikin,G.H.B.Dommett,K.M.Kohlhaas,E.J.Zimney,E.

117



A.Stach,R.D.Piner,S.T.Nguyen,R.S.Ruoff(2006),"Graphene-based composite
materials," Nature Publishing Group,442,282-286.

[54] S.Park,R.S.Ruoff(2009),"Chemical methods for the production of
graphenes,"Nature Publishing Group,4,217-224.

[55] J.R.Potts,D.R.Dreyer,C.W.Bielawski,R.S.Ruoff(2011),"Graphene-based polymer
nanocomposites," Polymer,52(1),5-25.

[56] X.Zhao,Q.H.Zhang,D.).Chen,P.Lu(2010),"Enhanced mechanical properties of
graphene-based poly(vinyl alcohol) composites,"Macromolecules,43(5),2357-
2363.

[57] M.A.Rafiee,]).Rafiee,ZWang,H.Song,Z.-Z.Yu,N.Koratkar(2009), "Enhanced
mechanical properties of nanocomposites at low graphene content,"ACS
Nano,3,3884.

[58] X.Wang,W.Xing,P.Zhang,L.Song,H.Yang,Y.Hu,J.Compos.Sci.Technol(2013),"Enhan
ced thermal and mechanical properties of functionalized graphene/thiol-ene
systems by photopolymerization technology," Chemical Engineering
Journal,226,318-326.

[59] V.Mittal(2014),"Functional Polymer Nanocomposites with Graphene: A
Review,"Macromolecular Material and Engineering,299,906-931.

[60] M.K.Yeh and T.H.Hsieh(2007),"Bending Property of Sandwich Beams with
MWNTs/PolymerNanocompositesasCoreMaterials,"Key Engineering
Materials,345,1265-1268.

[61] M.K.Yeh,T.H.Hsieh and N.H.Tai(2008), "FabricationandMechanicalPropertiesof
Multi-walled Carbon Nanotubes/Epoxy Nanocomposites,"Materials Science &
Engineering,483,289-292.

[62] B.B.Johnsen,A.J.Kinloch,R.D.Mohammed,A.C.Taylor and S.Sprenger

118



(2007),Toughening Mechanisms of Nanoparticle -Modified Epoxy
Polymers,"Polymer,48(2),530-541.

[63] W.Liu,S.V.Hoa and M.Pugh(2004),"Morphology and Performance of Epoxy
Nanocomposites Modified With Organoclay and Rubber," Polymer Engineering
and Science,44(6),1178-1186.

[64] M.A.Rafiee,).Rafiee,Z.Wang,H.H.Song,Z.Z.Yu,N.Koratkar(2009), "Enhanced
mechanical properties of nanocomposites at low graphene content,"ACS
Nano,3(12),3884-3890.

[65] S.P.Zhang and H.0.Song(2012),"Supramolecular graphene oxide-alkylamine
hybrid materials:variation of dispersibility and improvement thermal
stability,"New Journal of Chemistry,36,1733.

[66] T.Kuila,A.K.Mishra,P.Khanra,N.H.Kim and J.H.Lee(2013),"Recent advances in the
efficient reduction of graphene oxide and its application as energy storage electrode
materials," The Royal Society of Chemistry,5,52-71.

[67] Y.Zhou,Q.Bao,L.A.L.Tang,Y.Zhong and K.P.Loh(2009),"Hydrothermal Dehydration
for the“Green”Reduction of Exfoliated Graphene Oxide to Graphene and
Demonstration of Tunable Optical Limiting Properties,"Chemsitry of
Materials,21,2950-2956.

[68]).Y.Wang,S.YYang,Y.L.Huang,H.W.Tien,W.K.Chin and C.C.M.Ma(2015), "Preparation
and properties of graphene oxide/polymide composite films with low dielectric
constant and ultrahigh strength via in situ polymerization,"Journal of of Materials
Chemistry,21,135609.

[69] R.Konnola,lJ.Joji,).Parameswaranpillaiand K.Joseph(2015),"Structure and thermo-
mechanical properties of CTBN-grafted-GO modified epoxy/DDS composites,"RSC

Advances,1-26.

119



