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Synthesis and Characterization of Polyimide, Polyamic Acid
Hybrid materials using Surface Functionalized Graphene

Han Eun Park

Department of Display Science and Engineering,

The Graduate School, Pukyong National University

Abstract

In this study, Forming of organic — inorganic hybrid material
experiment was carried out. First, surface functionalized
graphene was synthesized through the graphene oxide surface

reduction. Imide moieties were attached to amine surface
functionalized graphene using a step-by-step condensation and
thermal imidization method. Second, transparent Polyimide (PI),
Polyamic Acid (PAA) was prepared by a step growth
polymerization of diamine monomer and dianhydride monomer.
Finally, each obtained material was mixed together by using
organic solvent. The solution was then spin—coated on a cleaned
glass substrate and totally organic - inorganic hybrid material

layer was successfully casted.
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Properties

Parameters

basic chemistry”
lattice structure
lattice constant
interplanar spacing
mobility
exfoliated
suspended
quantum Hall effects
graphene’
bilayer"”
thermal conductivity
The fastest graphene TR
tensile modulus®
Young’s modulus
spring constant(k)
specific surface area
optical transmittance
2D Dirac eq.”

Fermi velocity

C: (1s)%(2s)3(2p)?
honeycomb lattice
a—1.42 A

3.37 A

1.0 -1.5 x10* em?/V .sec

10° em®/V.sec

Ozy = T4(N + 1)e?/h
Oy = +4Ne*/h

4.84 £ 0.44 x 10°W/m.K
Fr=100GHz . GL=240-nm
1 TPa

0.5 TPa

1~5N/m

2630 m?/g

97.74 % (E4.< 1.2eV)
Wrd=Vai(r) = EY(r)
vgp ~ 1.1 x 10° m/sec

%sp? hybridization
bN=0,1,2,...
‘N=1.23....

41 Pa = 1N/m?2,1psi = 6.80 x 10°N/m?

fclose to K point

[¥ 1] Physical properties of graphene.
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1. AleF

Graphite powder (20um size)= Sigma-AldrichollA T4 3F L,
Potassium Permanganate (KMnO,), Sulfuric acid (H,SO,), Phosphoric acid
(H,P0,), Hydrogen peroxide (30% H,0,)& GAF3}sto A FQlsle] ¥ o]
A §lo] Graphene Oxide (GO) &gl AF&= ATh

(3-AminopropyDtriethoxy Silane< Sigma-Aldrichol 4 T 3stR 1L GO
surface modification®l] A}-8-3}% T},

TFE2E 447 -(hexafluoroisopropylidene)diphthalic  anhydride (98%,
6FDA)E AFg&3l9lal, fopwl e &+ 3 3'-diaminodiphenyl sulfone (98%,
3DDS)E Polyimide (P)e] AFAZA TCIoA FYste] E=e] A gL
o] AR5t

HES-o] AF8-¥ 812+ N,N-Dimethylacetamide (anhydrous DMAc,
Sigma-Aldrich), N-Methyl-2-pyrrolidone (NMP, Junsei)ol| 4] ulj&lo] A}
&t aL, 7t &5 HPLC 53 °]4e €& 7HA= ZAo8 A3t
Aok AAZE 283 &uje Ao CaH,ok &4 SHAIAA A A S

AbgsEATh 71EE AlebEe e ARG S AAA G ARSIl

2. Graphene®] Surface Modification

2.1. Graphene oxide (GO) ¥4

Graphene Oxide?] 34 2 2+ improved Hummers method [52]5 A&

sttt 1 7+ Zgb~=el H,S0,/H,P0, (91 ,v/v 200mL) EFEHS 0|

_16_
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2.2. Amine group Surface Modification of GO

GO<¢] ¥™ amine group modification< silane coupling A| ¢FS AF&3FA

ot} 2 F+ Zg~3e] GO anhydrous THE (Img/em®)E AU A NS F

af) homogeneous dispersion< THE o] ATt A =
(3-AminopropyDtriethoxy Silane (10:1, APTES/GO)& 243olFi reflux3t
< o] &3to] 16A17E <t HEgeto] =T vEgo] B FHo o2 2AE
T AFTelE ol&ste] AHE 3 Hd THFE o] &3te] nwg&ER
5 AT 1 FH 50CHFLENA 3tF s Adxste] 4dd] A
zoto] ARE-SFA T

2.3. Imide group Surface Modification of GO

¥Wol amine”]”} X¥¥®  graphene (G-NH,)¢] imide”] X3+

|
Polyimide@d el AH&HE REx=mEs A4 o® wkgete] A5k
4 2 F F#=3 G-NH,9 NMP (Img/em®)& AYyAIAE S35
homogeneous dispersion= g T AT} h ] = 44"
~(hexafluoroisopropylidene)diphthalic ‘anhydride (10:1, 6FDA/G-NH,)< 4]
o F 1 reflux#s ©] &35t 164175t H}gé}oﬂ—zroi‘jr. vhg-o] € H

dzom AEHFIA AFFolE ol&stel HEE & Fo NMPE o] &3
of MEteEdEs ATt 1 F SOC{%QHOH/H a7 Eek 1x3t
o] 38 Azl A e Yo G-6FDA<]
33’—diaminodiphenyl sulfone (10:1, 3DDS/G-6FDA)E 2}o]Fo] Wk$-3F
th oln =gt BES WHE Hol X—qvoi ojm =staf FAh. 178l A

A A ¢l surface modification®] ¥R A E=Z ehFA T
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- CH,CH,0H

anme acid formation

C—-—HH NH; Termal mudszation

4’
Heat 250 °C

//\m.

[28 8] Imide Surface Modification of Graphene ¥F-8-%

A%
H
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3. PI &9 A=z

3.1. P19 A

3.1.1. PI &4 4

Polyimide (PI) A& tolvla} F4ES SAF7] &0 o] whg-4]
A Az b de AMgEE PIo SRS Rev-F0A-Egne
2GHA WkSolt}, AlGAE F4E Raewo sty FR7F ko 93

3.1.2. Eotgi (PAA)SY &4

2 T Zg~=9] 6FDA (13.33g, 0.03mol)¥ 3DDS (7.45g, 0.03mol)S
10870 2238 3 & &uj= DMAc 83mLE uwtetA A 2= U
2 FYs AT o] u, ZEaa 9] FHS IS ol &5t 0C=E

al

5 3

fAse T Gule Fjo] GmE Fol 0TelA 1475t wykaha,
A

&

al

S3 B HES 95 R QE 2AYS R FAT
Bk goe] Fre gu) oul 20wi%E ALEAh d4E g
acetone F4ste] sl FUi, 48 g% vee] Di-watero]

st AFFel EZ PAA ARE doFAt fojxl PAAIA=
0CHELZoAN &F F¢ dxste] FE=Fvas SHF3daL ofFd

2 wEol A Agshslth
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3.2. o]u| =3} (Imidization)

3.2.1. €34 o|u]=3} (Thermal imidization)

ful 1 al
(am1de)7ﬂ°§4 SE ARSRTE opr =

3.2.2. 383 oJu =3} (Chemical imidization)

g ZmiQl Acetic anhydride/pyridine & ©]&3le] st oz 4l
o= % olv=3E st Rt AT gl HEe MARE glo]
in-situdh-& 22 PIE s F AT g5 FHE o] &= F7FA<Q H]
&3 PIo] & AP eR 7heol BoldtA Frh= @ ol U

3.2.3. AXH

8 aFol Hl&ull(poor solvent)ol] F ale] A2
= A WRolth AR frle dFE £S5 AT 2 899
=2 HEZ 3XA7]7] $@lA toluene, acetone T& FEVE AFE S
Atk ol FAH GFHE ARAAAA TF F7] it AREH o] A A
|5 A% 771 Sl AR o ARz ofrjEH

-
5>
>
K

e Ao
>

o
12
o
i

3.2.4. Isocyanate®

PIRHE Al Hobdl dekA] tiAalel diisocyanates WA= A&k WH o
th 9k vAYZo R EFES 120C o9 ex 7tdst¥ co, 7t
7} bl EE A PAAS AXA 2a Pl AlZH) o] 349 dAdL ro]
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aAohlo] & A o] 7pA o] HlaThs Bt

PAAILEAL &5 A3 st
Il

e FiC. CF; o]
o |8 5
O O+ AL,
O O
6FDA anns

Solvent (DMACc)
0C,1h,25C,23h

=n=0

Poly amic acid (PAA)

Termal Imidication

(8] 8]
CF
= o)
]
o CF i |S
3
6 n
O O
Polvimide (PI)

[Z4E 9] CPI &4 W3 E4 %=
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3.3. Modified Graphene - PI &% HE29] Az

st 2 AzS 93 PAA Solution A% Ao A] &wli= DMAcE A}
uf tiH] PAAE 10wt%= g o] %131, Modified graphenes
PAA ir_—Erx} gy 01 ~ 1.0 wt%® Y31 %2342 (sonication)S =3}
o #AE BEAS A AFUY. UubA o7 graphene flakese] =77} wfo]
= oAx &8, &7t HA ¥ SA4S 7. webA &l o
a3ttt PAAS S AHE e
235

)

5 %
N
22
d
ofo

=
A3 ZE AAFE= Aol FET
7191 el 1200rpm 303, 2500rpm 4
A A& Acetone, EtOH, IPAoﬂ ztzy 202
Zsto] ARSI L F 10T 2% %
Ao w FqITYESY 2=E FHAFIUL T
0C7HA £3 3T s=& Tt T HFo =

H

B
™

galo] =, #2739
g8t 5 QB 7
o A1 130°C7FA] 20%
oA 150Cl A 30

‘ SfE AAstL &
2 07 amic acid 1% imide ZH5 22 HASAAFST
ofefo] E3 AEFC] AR FAHS EAEE YEUFIIT

Modified Graphene
powder

PAA powder PAA solution PAA/M-G Spin coating
(10 wt%) solution

Pukyong National Uni
Pukyong, National UI
Pukyong National Uni
Pukyong National University

Coated film Thermal Imidization

[Z9 10] 5 259 AF #3
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aEzre] EArE gls 9% Fourier-Transformn  Infrared
Spectroscopy (FT-IR) ~# E 2 Agilent Tech. Cary600S o] &3fo] &3]
th. KBr pellet& Al #éto] FT-IR 7] 7)o 2tste] A EqS SA353
29 E3x =AS 93t UV-Vis Spectrometers Optizen POPS o] &3}

Gt FYE A oM AFHHE FE] 7] ¥ baselinel® A ZH

d 7esY FHR=E SASAY. A5 4 propertys &letr] 913
Termogravimetric analysis (TGA): Perkin-Elmer TGA 7 & & o] &3}

o ZA3AY. d5o W Iz ¥ morphology #H#ES $3% Field
Emission Scanning Electron Microscope (FE-SEM)-2 JEOL JSM-6700F
= AME3Fl 3, Field Emission Transmission Electron Microscope
(FE-TEM)=> JEOL JEM-2100F& A&38te] SA4stich 734 4 &4
I 37 ¥ EXE =437 $8H9] Scanning Probe Microscope (SPM)

S BRUKER, Icon-PT-PLUSE A}-8-3}9] 11, silicon wafer $]ol ~3 38 3}
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1. Modified Graphened] &4 &4

1.1. Graphene Oxide (GO)

Improved Hummers method& AF8-3te] A E GO EAES #4317]
#)&te] UV-Vis Spectrometer?t FT-IRS =A3stth 281104 GO
UV-Vis spectrag & 4 At} 250nmTH e & peaks #&FF C=C Z

ol 71— 7 o] wFo] vehdt}[53]

Absorbance

T T 1 1 1
200 300 400 500 600 700 800
Waveleght (nm)

[2¥ 11] UV-Vis spectrometer of GO
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291294 GOC FT-IR spectrag £ 4 At GO 3410cm™ ' F29
A st We -OH A% A% W= Wolzth w3k 1720cm | F-29
A FHEA C=0 A% WME=EES BolFEa 1410em b FollA C-OH Wzh %
T M=Z2 woFEo gl 1087cm ! oA C

welEeh o2 wwgkel GO FHelE MY, FEF7], o ZAY

Sol nF EEFTSE & F 9, o VsVIES 834 uH
modification®] 7} 3}tt.
— GO
. , . - . - . - . , . , .
4000 3500 3000 2500 2000 1500 1000 500

Wavelength (cm™)

[2¥ 12] FT-IR peak of GO
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1.2. Amine Group Modified Graphene

ok A El GO® APTESE o] 83}o] surface amine group modified

graphene (G-NH,)¢] 545 #4317] 98t FT-IRE F43A T GO

W =224 aF (-OH)¥ APTESY ©l%A] 1% (CH,CH,0-)°] k&
3 7] Wi, GO APTESS Whg Az} oo olulaFS 717 494
o7 "3l 7|EstE ade] JAES o4 4 vt 2913S B wgt
A G-NH,9 ZefZol A 3500em™ ' ofl1Fe -N-H 2% A5

yag g8 F ot 28l 1031lem 'H29 Si-0 A= A v =2t
AEA JelUE Aoz Holx GO W olvl7] modifications -84
o7 FyHozl AS & F Aot [54]

W

L

—— GEH2
—_——Ge

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

[Z2¥ 13] FT-IR peak of GO, G-NH2
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1.3. Imide Group Modified Graphene

oA FAdE G-HH,9F PIo] 2wl F4& 6FDA, o}yl 3DDSE <

A2 o2 wkg-sle] ofbu b (amic acid)ZEo] X$H G-I1E FAsATH

9145 B2W 1718cm ™' FZol A FHEAA C=0 &5 I A9}, 1655em !
=0 &4 ¥art vepdo 3 o343 3450em Ao

A ol Eel EF 929t 103lem 'H2¢ Si-O

o]Z Hol agW Fwel AFHoE ofu A IFo] FAFHJSS & &

ARG o] Fol BFLo R AYS sto] EHOR on=dE WA

_1

r
Lo
o
i)
I
O

¥ I 4 L] T 1 ¥ I r 1] bl I
4000 3500 3000 2500 2000 1500 1000
Wavelength (cm™)

[2¥ 14] FT-IR peak of G-I
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Weight (%)

o Gl €4 EAE #HUtety] flstel TGAE ol &3tsith TGAL
HzEe 17150 e GO 200C Fo] 4% FA i

xWe =54 Iu (-OH), ddFAtel= aF (C-0-0), 7HEdaF
(-COOH)®] &3 wiitol veltrh stARE G-19] FAgolF dx o= <A
g Si-O 2F% olm=EFe] dFoE A kAol FAH 10% FA
&4 F7ko] GOZE 209T¢! WHAel G-I 342TE YERa 900TC 744 <]

ZFEol = Eeta AAFA Ll 40%7FE] Heldes & & A

| |
200 400 600 800

Temperature (°C)

[Z¥ 15] GO& G-19 TGA A ZF
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4GOSt G-1¢ £

3;:]1-

wpA et 2

oo
% %

modification®] 4 o] 4A|

xHd =

it

T
22|

%

N
iz

o

modification®] < j

[Z¥ 16] GO TEM °|" A (%), G-19 TEM o] 7| X|(
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2. ¥ Zgo]u = (Colorless Polyimide)

2

F4E GFDAR =M ¢ tlolwl 3DDSE-=mE WA Fdste] A E o
Zeloln= AFAd E2 o} AF (Polyamic acid - PAA)S} Eg]o]n]
(Polyimide - PDe] Aol F#3}7] 913t FT-IRS ZAHsvh. 1917
o= 6FDA-3DDS®] imidization © %9 FT-IR 54 Z3%& WetliAth
olg)Z 2] PAA FT-IR ZZoHE 7HEaxe c=0 &5 =7} 1718
em RO UERta, ofH=e] c=0 F4 A7t 1653em Lol A

o | 8
Us AL A5 %

A\
[

W

i
o

=l
2% 57 ¥dAasol YEUE AS B T AT PAACA = ik d
5]

A oln=E"el C=0 FF ¥

W
N
—_
N
Q0
Q0
(@}
B |
"
H
2
X
=
I
=
T
o
i
P
o
i

= St A R ofn|
=g dAHoz C—N-C olm=g9 &5 ¥=7} 1370cm Lol 4 A FA
F49S Fstdth FT-IRY A¥e= 2 AFolA AES oln=3) W

o] AZH o=z PAAE PIZ A3A 7] AL HAAFY o2 &&3}o] v}
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——PI
——PAA

T T T T
2500 2000 1500 1000

Wavelength (cm™")

4000 35IC|D BUIOG
[2¥8 17] FT-IR peak of PAA, PI

3. Surface Modified Graphene/PI Hybrid film

334 A 7]&3 WHo R WHE
At WA 53 "E9

500



Transmittance (%)

0.7wt%7kA1 o] F 2 EHL JRAF G F oA 96%0lde =2 FHEE
S HoFATh AT 1.0wt% 9 EF 5L AT Ty 7V
UElYE Blo R vERgh ol G-I19 $EFe]l FUhsel wEkAd PAA 1L
A &H W] G-I¢] homogeneousdt +4ko]l o] #1914 aggregation ¢

FIEo] F40] HAhHE Aom B

] ] L] ] ]
100 —
98 -
96 -
B PI
- 0.1wt% G-I + PI
92 1 0.3wt% G-I + PI
1 0.5wt% G-I + PI
90 0.7wt% G-l + PI
1.0wt% G-I + PI
88 —
86 . : , : . : . 2 ¢ : .
300 400 500 600 700 800 900

Wavelength (nm)

[Z¥ 18] PI, 0.1wt%, 0.3wt%, 0.5wt%, 0.7wt%, 1.0wt% hybrid
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[Z2€ 19] Hybrid € §9 £ #F A2
a) PI film, b) 0.1wt% G-I + PI film, ¢) 0.3wt% G-I + PI film,
d) 0.5wt% G-I + PI film e) 0.7wt% G-I + PI film f) 1.0wt% G-I
+ PI film

&

off

53 259 €4 545 #Hrksky] fste] TGAE Fach aitAke
w2 A3te] Z%, functional group, L&A A&

Aagte] 2 FIFE Teva ddA4 ok dirger TGA Y29

A
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TGA =3 Yl 5 252 G-I &3] Owt% ~ 1.0wt%=

ZrhskRA ARsl ewk A Fbshe Ae B S Ak ol Pl E

rfo
k1
o
of
=,
of
ot
filo
N
32
filo
oY
o
v
o
e
al{f
o
N
S
S
3
4
rd
9,
X
—
(=)
X
lo
-
X,

G
qe| Z747} OLED2A A% 2& we 94 542 2

of Aetstrtal Bojxin

100
90
80
S 70
%% ]
‘© 60
= —PI
5090 ——0.1wt% G-I + PI
1 —— 0.3wt% G-I + PI
07— 0.5wt% G-I + PI
5] ——0.7Wt% G-l + PI
] ——1.0wt% G-I + PI
20

T . T Lt T % T
200 400 600 800

Temperature (°C)

[Z¥ 20] Hybrid 259 TGA 54 2%
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2% ZWHAO graphene flake ol mgH

A UmvlE $5o ZYFAA ]S Kol R uE
T 9t} graphene flakes7} &9 F ol homogeneousdt 4k
o] IS sl 1 A3 I"E i

randomly 3t #XE HAARE FA4ke] & wo] QU7 wiiLol graphene

flakes 912 )@ on Ao M= Plmgo] 127 o] FolAYELE el

=4 =
= 4 JdE -10

_——— I
$00mm 400 nm

[2¥ 21] Hybrid € &9 Graphene flake 3 SPM &t o]n] %]
(A2} size 400nm)
a) 0.1wt% G-I + PI film, b) 0.3wt% G-I + PI film, ¢) 0.5wt% G-I
+ PI film d) 0.7wt% G-I + PI film e) 1.0wt% G-I + PI film
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e
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H
il
= H
£

of graphene flakes®] X & ZH&gH o2 HolH randomly

Fth TEMol Aol A G-19] H A Ql 27|17} Frpo] AR Apo] =917

[2¥ 22] Hybrid 29 ¥9W FE-SEM ©°|1 A (A2 size 200um)
a) PI film, b) 0.1wt% G-I + PI film, ¢) 0.3wt% G-I + PI film,
d) 0.5wt% G-I + PI film e) 0.7wt% G-I + PI film f) 1.0wt% G-I
+ PI film
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2
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it
QL
O

|Bgle d&59o I”AAHANA o
A3 randomlyshAl >3

1
graphene flakes FHo| A Pl o] AEa dAbo] dojupx] ke x| 12

[2¥ 23] Hybrid E &9 Graphene flake ¥ FE-SEM &t o]n] %]
(A2} size 5um)
a) 0.1wt% G-I + PI film, b) 0.3wt% G-I + PI film, ¢) 0.5wt% G-I
+ PI film d) 0.7wt% G-I + PI film e) 1.0wt% G-I + PI film
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1. Surface imide Group Modified Graphene / CPI hybrid film<
Graphene Oxide®] surface modification ¥ CPAA<¢] homogeneousdt 4t
gl ~7 783 Thermal Imidizationg E3le] A Fxse1 7 EAS &

qageh,

2. FT-IR &4 ZA¥, GO surface modification®] A &2 o5 doj k&S
YEt T3, PAACIA PIE o|r=str A4 s BoFAth TGA 75
I= G-T7F GOl vt E bgAdo] A FEHIJS BHAFAL
o] PAA 1EA fdo) =dog G-1¢9 Fx7l F71e= Hybrid film-cﬂ
G ol WEEE HIFS Eoﬂ—rﬁ’i‘:‘r. UV-Vis 574-& Hybrid filmo
oln| =g F 3 H|Wst] FHE= FHAA I Zo]7} glo] o3
| Az7bssiths s Bl F3lth. Hybrid filme W 2&
Al SPM, FE-SEM ©]¥"] %= graphene flakes7} @3t E¥X 5 HolF
Ak 1 FHY PIEZY S #d8A dojues AS BoFATh

(
O

AspAom 71&e] CPL BF3} W% B FHES AT G-19 =

3. 4
doz FAFEPsus 7AA, d kAol Holdt Hybrid filme &%
A& olgstel A AlFE 9}914. et Glekel =d2 540
S ThFR AR Adnbel AAA &8 4 gloka A7,
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