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Abstract: The compatibility of graphene with styrene-isoprene-styrene block copolymer (SIS) was examined. The mor-
phology of the SIS/graphene composite observed by optical microscopy and the electrical conductivity of the composite
showed that the compatibility of graphene with polystyrene (PS) block is better than that with polyisoprene (PI) block.
Thermal analysis showed that the graphene is distributed preferentially at PS block domain rather than at PI block
domain. The graphene enhanced the modulus of matrix polymer drastically, however, elongation at break and toughness
were reduced evidently.
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Figure 1. TEM image of graphene.
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Figure 2. Optical microscopy images of graphene composites of (a) PS; (b) SIS22; (c) SIS17; (d) SIS14; (e) PL

Polymer(Korea), Vol. 40, No. 5, 2016



800 o|714 -

o] PIET= WAl 88 7|3 Q= PSSO o] U2 &3

7HE BojEt, olefst 1] PS E53e] 2l
L. Peponi 5| 747l X3t Z, L. Peponi &
¥ B8 e RHE SIS9} £ A9, PI E
FIHETE PS £5 G990 HaEEE0] $A4Fo= 9
< electrostatic force microscopy= 2213t v} dc} 2=

el ol Hoxe] EAt Ao 83T E o83t
ST UTEPH 2722 ER A Fox ] e

AN A= FTE o] &et] A5 F IS A=
S}, ofR7IA] B ALl AT Ax) olejole T 2
FHEo] HE vi= {Ith!? Y. Hernandez 52 S0 2 5E
Eg1doz Fegt 229 Hildebrad $31= 4, &, L
2|32 Hansen®] Al 7] &38l% drg, S 24 9] 7199
o3t &, AFAL Q1 9] 7ol 93t g, 2T FAAFe
71 o s7F b3 g Hagk vb dth; 5~23
(MPa)'"?, 6,=18(MPa)"?, $~9.3(MPa)"?, &~7.7(MPa)"?.
Ao ARREF Gk o B A %3 Tfdde A =
she AMTE o B R, 9lo] S EEjF WHe R e
st a2HHET 8, G & B0l B F w2 7 Zo=E A
=, IR Sy, & & 5 wEe] olEd 2HErE 1
o] Bito] Fsal A AoE A 5= k. =, PSe
S8 = A 5 (5~20.1(MPa)"?, 6,=17.6(MPa)"?, 5~6.1
(MPa)'"?, 6~4.1(MPa)'?)°] PI¢] &3al% ZHE(5~18.0(MPa)"?,
o~17.4(MPa)'?, §~3.1(MPa)"?, §~3.1(MPa)'?)Eth= 1]
o] Ll ArakEel 2R 2edo] Pl FollA
HUE= PS TollA O Uk A4S B A0 2 oS, o]
= & A3 AF(Figure 2)2F €A|gt}. gHH, Ruoff 2
AT 5L 3 WhHo g GOE Sdske] Az 2w
o] 7, gulete] T3Pl 68t 6 whol E FFE WA
Sty ol 13~29 Helel A= 54 vl DMF, NMP,
DMSO 5ol & #4bgS Bsh v Qloh”

Figure 3o 2223 &=fol| up2 2o/ 8} Y=E3A|
o] ArIdEwe] HelE A 7R Sl el 2
o] T %= W=EJAE Az T ariEAtel e
o] FH UE, 28 o5 U HES o835t ALt
STt =, =9, P, SIS14, SIS17, SIS22, Z#]32 PSe] H
T OO = 220, 0.920, 0.936, 0.939, 0.945 gem?, 27| 3L
1.047 g cm™& AH&-3ke] Al4FsEA T Figure 32 XA, W&
Y2 7EA7}F PSS 9= 0.24 vol%e] ZEjHe] g8 A
<+, =gk PSoll Hlal] A71AEETF oF 10° vl o) S

i

o,

Xyl o rlo

ek

oM
F-.Eé

¢

L

ol

2 2 % glow], o) o] FaelA Bakel JeiHo] A=
A A7AEA DS BHFS HAFT. 0T FA%

WHEES] F7PL SISY] 79 U =2 3Rl 0.30 vol%
A, 222 PIY A+ U= ¢ =2 3= 0.42 vol%oll A
vehdS & 4 k. 223 SISE] A a2eae] gkl
0.30 vol% °]’d<1 73-%, thA A ] PSe] o] B2 SIS7}

Zan, 41404 A535, 20163

10?

107
g
(]
2 10° |
> |
= /
> T /
E 8 r‘ﬁ
107 |
= | —=— Pl
g 7 ‘ —e—SIS14
QO 47 A SIS17
—v— SIS22
. —+—PS
10‘12 T T T T T T T
0.0 0.4 0.8 1.2

Graphene content (vol%)

Figure 3. Electrical conductivity of graphene composites.
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(a) PS; (b) SIS14; (c) PL
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Table 1. Percolation Threshold of Electrical Conductivity and
Aspect Ratio of TRG for the SIS Block Copolymer/Graphene
Nanocomposites

Percolation threshold

Composite Aspect ratio

(vol%)

PS/Graphene 0.17 254
SI1S22/Graphene 0.21 203
SIS17/Graphene 0.23 186
SIS14/Graphene 0.28 153

PI/Graphene 0.41 106
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Table 2. Glass Transition Temperatures of PS Phase and tan &
Peak Temperature of PI Phase

Graphene T Tan O peak
Composite content (ocg) temperature
(phr) O
PS/Graphene 0 83.1 -
1.0 87.8 -
2.0 90.1 -
S1S22/Graphene 0 73.3 -63.5
1.0 74.1 -61.8
2.0 75.3 -63.4
SIS17/Graphene 0 71.1 -61.5
1.0 71.6 -62.6
2.0 73.0 -63.9
SIS14/Graphene 0 67.7 -62.6
1.0 71.4 -62.4
2.0 72.9 -62.7
& FAERA] et} AT SIS17/2Ef 3 YB3k 5 9]
A= Ao E Tl o] SRl wet da2=
7h ek Bk RS Belth oled Azke Pl 223
PS B e] Jrt aefue] Alel o8l 7S, 1
1743’— [ 50 Eqbe o) o] B4 Sa2 AR

EAEe] e el wE IAEA 0] wstE
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&b, sfgtglelM o] Nee A7 aske S EOE A
t}. Toughness(-3-2 - 3 (stress-strain) =41 o}z 2]
A) gk o] Hybddl wet =A gt o] H g
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Figure 5. Dynamic mechanical properties of SIS14/graphene com-
posites: (a) E’; (b) tan J.
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o) 1 O
o] ghfo] B2

a3 SISe] &3 SIS & PS £5
FE ol S Fen Ao R AAE RERX T8I L}

2 A7) oz ket ugRe) A AEE Wak AFo R & & Yick.
Table 3. Tensile Properties of Graphene Composites
Composite Graphene content Modulus Tensile strength  Elongation at break Toughniss
(phr) (MPa) (MPa) (%) MJ m™)
SIS22/Graphene 0 0.77 2.54 1235 24.7
0.5 0.79 2.39 1500 19.5
1.0 1.19 2.00 1175 14.5
SIS17/Graphene 0 0.63 2.70 1775 18.9
0.5 0.70 2.43 1287 18.1
1.0 0.90 2.05 1454 17.4
S1S14/Graphene 0 0.43 2.84 2040 25.6
0.5 0.43 222 1990 23.4
1.0 0.52 2.18 1584 20.1
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