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ABSTRACT

Graphene oxide (GO)/carboxylated styrene-butadiene rubber (XSBR) nanocomposites with various contents of GO
were prepared by a latex compounding method. It has been confirmed that the functional groups of GO and the
hydrogen bonds between GO and XSBR are existed. It can be seen that the scorch time (t;;), which is the
measurement of incipient vulcanization of rubber, showed a delay after the addition of GO. Field emission scanning
electron microscopy was employed to confirm the uniform dispersion of filler in the matrix. Indeed, with increasing
fillers loading, the torque, tensile strength, thermal stability and crosslink density of obtained nanocomposites were

improved. These results were correlated to the better dispersion of fillers through the rubber matrix.
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Table 1. XSBR/GO Compound Formulations (unit: phr)
Sample XSBR GO SA ZnO Sulfur CBS DD

XSBR 100 0 1 5 1.5 2 1
XSBR/GOO0.1 100 0.1 1 5 1.5 2 1
XSBR/GO0.5 100 0.5 1 5 1.5 2 1
XSBR/GO1.0 100 1.0 1 5 1.5 2 1

Aol 4L EQIE 4 olT o) TEA e, st
jtole] A4 5 ole] Robo] S0l el W 4
QITHS5]. Liang et al[6]- poly(vinyl alcoholyGO 2] solution mixing
method S ©]-8-5}0], 0.7 wi% GOL] X7}=RE At Qg7
Lo BEEAY FVHE ERIsHAnE AREA A GOE
o] 8-517] HellM= AT Aeiel AHe] s kg0l uf$-
ZQ3}H7. Kim et al [8]12 melt compounding, in-situ
polymerization ~12] I solvent mixing~%He H| W 3}1S ), in-
situ polymerization, solvent mixing 27}-2] ¥-4]0] 11.E-R} matrix U]
of o agHoR BEAEUSES IRISHITE gapheneS
filler2 AME-8F Z-oll= S84 At Z2Astoi[9), &
At dolx B g Al E3AY w4 EAVE &
T om, 24 Aske] Hglo] Hioh

e, 2 Ao A= PSS A ERE GO
11 latex compounding method & ©]-8-3}o] GOQ] AkAZ-8-7]
o} XSBRE] 7t2 547 9] =24%-E fFEsto] 4
Fdekala} shelal, GO9| fegol wE &
A7 W A 5Y =24 HEkE st

i
o

2. & &

2.1. A=

Graphene oxide = §}33}7| 95}¢] expandable ~ graphite(Graphit
Kropfiniihl, Germany), 2}4H(H,SO, 96%, Samchung), -7 AR
F(KMnO,, Shinvo, Japan), F4AKHCL, Daejung), IHAtsh4=4
(H,0,30%,Dagjung) S A1-§-5}1ck.

Latex+= (carboxylated styrene-butadiene rubber latex, Kumho
Petrochemical Company, KSL103)& AF8-8}9T 315 M 77
=21 3 (sulfur powder, Dacjung) 7 stearic acid (SA, Dacjung), 7inc
oxide (ZnO, Samchun) 12|37 7} ZZ A 2= dibenzothiazole
disulfide (DD, TCI), n-cyclohexyl-2-benzothiazole sulfonamide (CBS,
TCHE AHE-3HTh

2.2. Graphene oxide 2| XM=

Graphene oxide®] | %= HummersmethodS ©|-&3}o] gt
ABTATHI0]. WA, B 5 2 g& 24 U "ol
microwave(700 W)l 102 %= J3-5 AlX1 3, H,S0, 200 ml

9} KMnO; 12 g& 2~3 AJZF 5¢F 35 C 600 pm2- A5}
A RS AT 7L 05o] 100 ml SFE 10 CE &
AlsfFEe] 8] FolFal vhA] o F2 Aol "k 1
T Whe71o A 7AW - Hi0, (30%) 20 ml2} HCI(10%) 100 ml
S 7Ishd B2 2 o' Mol Witk I oy A A
22 QI3 W2 pHE wol7] 918 dAd #2l71E ol85)
A 8000mpm e o] W FHGE o-85to] 3|H ATk
22 HAE graphene oxide= 24 %t vacuum oven 60 C
2 A28, 71271 YR H gaphene oxide= Z5H4=0]] 3
AL F9E 25T #471E ol8eiA Heke RS W

SolA Abg 3Tk

2.3. Higtu} 7t

Graphene oxideZ 22 Z57420f] 0.1 wi%, 0.5 wt%, 1.0wt%
£ YFS0] 4] XSBR (carboxylated styrene butad- iene latex)o] g 0]
spin bar & ©]-8-5to] 1A17F B¢t 412 &, FR4E ]85t

il

o] CaCh (05 wioyg WHEo] latex 5 S ILAIZTE 1 3, 3¢
SR 60 TR Az Yol F&3] ARAR] Fof &

EUE 0|83} znc oxide, stearic acidE A Wil 5EIF
TR F A 71 HAAE Wi sEXE B st
g s A stk

150 i vl Table 10f] EA|SFYICE 15| 718k
S A2t uf gl S RPA (ubber process analyzer) S o
&3to] 22 7N S ZET F 2 mm FAE 74
L moldE o]g3le] 2xxHo] 7153 YETY AR
150 'C,10MPa, 2|2} 7}kA|Zt 54 71hS sh3ieh

24 28 H 24

Graphene oxide®] -2 43} XSBR, GO] =423} 4
%S $J8f FTIR (Spectrum-100, Perkin Elmen) S 1§30 2191
Bty AL 4000650 em’ & A 3FS) AL, scand=2}
resolution’= 717} 4,85 A3 ¥ AF&3SITH

Graphene oxide®] EAMES B7] 915) scanning electron
microscopy (SEM, CX200TA)S E3dlo] B4 o] HejstS
ST

XSBRIGO &atA| 9] fwiehy] g2 5l A 7k ARk
< Z43}7] $18te] RPA-VI(U<an inc, Taiwan) S ©]-8-5}0]

Journal of KSDT Vol. 16, No. 1, 2017



S AT - A - 228
150 C, 30% EoF 24314} 71l 4% CRI(oure mte index) % A7} GO 9] 22 BRIshy] $J5te] R

£ 4 = Adetg & 25Tk B Fe) A9 ol 28717k 24
3| gkob Eguas} W] ekw Ao wi 2L

CRI=¢ = (1) BHId 4 ik whEe] GOx wa 23] o 2§

nr 715& 21 4= SISl Fig 1oﬂA1 1728 em™ C=0 carboxyl

WeEL AP 1Re sl UE HEg gopi Pk [2ar C=Cmomau;peak ﬁlf‘“ﬁ‘foepoxym ¢}

3 o o

2302 ASTM D4710] e} 250 mm(Zo]) x 50mm(ufu]) - 1040 cm”alkoxy peak S SRIEE 4 G113l graphene oxide”}

x 20 mm(F7A) 2] 7HHE Als SR e AXL &
30CTANA 1, 2,3, 6,9, 12, 24A7F0] EQL uf, zF A|22] 7
& FAW) 9} Ba A -‘jrﬂl(Wo) d (density of tf)llerle) &
(density of XSBR)S ZA5}0], Al 2)& o] &3 =S 4
Avstoict,

(W-W,/d2)

o/t X 100

Q%) = @
Z43}7] 915}0JASTM D412-A 2]
o] oy AlHE AZslo] TeEAIEY
(H5KT, Tinius Olsen) ©]8-3t0] Q14T 500 mm/min 0.2
ZIA Y 579 A HE SAsto] izt Y 2agE Al
R U] g9 Bt okt

Strain sweep S Z795}7] 915+o] RPA-VI (U~can inc, Taiwan)
o] &3to] nj7}8k THE 60 C, frequency 167 Hz2 Z451¢ich

Graphene oxide @] gtefol] whg 1150 G4 g4 #zE
TGA (TGA4000, Perkin Elmen S ARE-38}0] 21 AE 27 o] A]
222w 30 T oA 600 T71A] 10 Tmind] &E=2 24
shich

=

3. Zm Y nE

31 FT-IR 24

Expanded Graphite

’ Graphene Oxide

C=0 Carboxyl

€=C Aromatic
C-0Epoxy

C-0 Alkoxy

T T T T T
3000 2500 2000 1500 1000

Wavenumber (cm1)

T T
4000 3500

Fig. 1. FT-IR spectra expanded graphite and GO.

R AT Az o)/ 45H817) A6 A1, 2017

Z =gl on 7o) Ak ARET1ES RIS 4= QlSITk
FER & 223 A5sh7] flsiA ARS-ETi11-13]
Fig 2= XSBRI} XSBR/GO) compound S H] 1 §)-S wj, XSBR
o] 72 1160 em™ o] A C-O peak”} XSBR/GO, - 1155 eny’ ]|
A] CO peak7} LHEFELTE ©]3= XSBRE| C-O peak ©f] GO2] tf
Gt A7 TS FATt] oluAIZE st
olof whet mhe7h AeiA o2 HAaskleS o 4 Sl

C-0 1160cm!

C-0 1155cm®

—— XSBR
——XSBR/GO,,

T T T T T T T T g
2000 1600 1400 1200 1000 800

Wavenumber(cm)

Fig. 2. FT-IR spectra XSBR and XSBR/GO Lo

—
11800

TpEL

32 Efst o
Weshy B AR AL Foto] Awugict o
B 0% SEME filerd] EAES 17] S84 P AME
= TH14]. Fig 39| AXSBR & 79 HEZ 2|7} uj< Wjas
A e 212 SH1g 4 Qick s GOvt Skt

o wfef seilol Aol 8 AU 4 slos) GO

o E.
=

3.3 CRI(curing rate index)

Teble 20141 GO2J Ffo] F7H4% g7o] AofLAl
1A AR gAYl B oA B o] o] §-7, My
O] S7F 3 Ao HIAtH15] aM2 4 EMpel F

& EAM)O) HolE el X2 GOo| gyl
Wold4S aMo] A%ate YL Rk ol Gort
JEEZL Abold) Sol7bHA 7tnE Z271E 7R QHA
B3 ghe 377 AR ddtdrh



55

10.0[KV] SP=8.0 WD=9.6
KOREATECH

S.0loc . 10[um]  HIGH/SE

SEX
1280x960

XSBR/GO

10.0[KV] SP=8.0 WD=10.0 5.0kx
KOREATECH

Fig. 3. SEM image of XSBR/GO nanocomposites.

10[um]  HIGH/SE

Table 2. Curing Characteristics of XSBR/GO Compounds

10.0[KV] SP=8.0 WD=10.3 5.0kx
KOREATECH

10[um]  HIGH/SE

si

XSBR/GO

10.0[KV] SP=8.0 WD=10.1 5.0kx
KOREATECH

10[um]  HIGH/SE
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