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ABSTRACT : The properties of the rubber composites containing a silane and silica were evaluated by changing the mixing
time and temperature, in order to find the optimum mixing conditions. Characteristics of the compounds were evaluated
after mixing at 120 C, 140 C, and 160 ‘C with various mixing time. With increasing of mixing time, mooney viscosity
decreased while the bound rubber contents of the compounds increased. Viscosity rise by increased mixing time was bigger
at low temperature and the higher the mixing temperature the faster in the formation of bound rubber. With lower mixing
temperature of 120 ‘C, cross-linking rate was almost constant. Dynamic viscoelastic properties and dispersity of the compound
showed that dispersion of ingredients and reaction was not sufficient with the mixing time of less than 10min. On the contrary,
with high temperature, it was obvious that good dynamic and physical properties could be obtained due to sufficient coupling
reaction, however it was thought this high temperature is not optimum because of sensitive cross-linking rate and physical
properties and excessive formation of bound rubber. Consequently, it was confirmed that the mixing condition of 10min
at 140 ‘C was optimum for the silane coupling reaction and dispersion of functionalized S-SBR containing silica and silane.

Keywords - solution SBR, silanization, mixing temperature, mixing time, dynamic viscoelastic properties
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Table 1. Formulations of the rubber composites used in this study

Materials Maker | Amounts
HPR 350 JSR 100
Silica 7000GR Evonic 80
X-508S Evonic 12.8
Zinc Oxide
(KS#2, 99.0% Purity) Kukdong| 3.0
LG
Stearic Acid house- 1.0
hold
DMBPPD
(N-(1,3-dimethylbutyl)-N-phenyl-p-phe- | Duslo 2.0
nylendiamin)e)
Wax
(Micro Crystalline Wax) Daewon 2.0
TMQ
,2-D1 ro-2,2,4-trimethyl-quinoline
1.2-Dihydro-2,2,4-trimethyl-quinoli Songwon 1.0
Process Oil Shell 37.5
Sulfur .
(1% Oil Extended) Miwon | 2.0
CBS Shandong 20
(N-Cyclohexylbenzo thiazole) Chemical ’
DPG Shandong 0.5
(Diphenilguanidine) Chemical ’
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Table 2. Mixing procedures of the rubber composite samples.

Content Time(sec.) RPM
Batch Weight (g) 1300
Fill Factor(%) 0.75
TCU (C) 80
Intro Polymer 0 50
Ram Down 0 50
Ram Up 20 50
;2; Couplinsglhzag;lt Intro 20 80
Ram Down 30 80
Ram Up 35 80
Ram Down 40 80
("l;a;r(;g% ’ 1£%mg irzf)%ée) 60~80 Variable
Dump Teigzgrzture Variable
Batch Weight (g) 1200
Fill Factor(%) 0.70
TCU (C) 50
Second Intro MB 0 30
Stage Ram Down 20 30
Ram Up 70 30
Ram Down 80 30
Dump 105 C 30

2. 1FSEH el M=

Zelvel Ao 4l A7HAE R wrESAE AEdE
1.6 L banbury HAoA 2 DAIZ wlgtelelet 1 @Al 7FaA
5 Al ARE wfdsts DAEM il factori= 0.75, A
o] Wz 25 80 TE 74 aigieh 2 Wl &e 28

& At 7HAZ ARESE 530 E4dstel o§l) Zhankgo

ZEo] 7] 31 scorch7} HAE = Qo= 2 ulghAzE
< 24ste] 105 CollA wghs S=sksch

Ag)7tel At AZLA S o] mE FS 9ots
7] 93t wjeke Aelgiel Ago] Hrleo] WA oA W&
o] dofuh= 15+ wigtollA MAsIIck v T2 A A Ul
Ao} 271 Table 201 e SITE E2]H & F9)ato] 2051t
2 AR5 ATt A AEEA 2 aEAE 2050 T
a9l ar, Alojstaal ks LAV LS AR

-

- =

o

oA el A a1 FE 5
A5t Ael7he] EAto] o
ToR st Alojd &
ato] Zegstlch Mg 9 Alte) wE aFEEA ] &
A WskE gRlsty] flste] nF-EEA ) v =

140, 160 CE A0 H, 7} wghe = Zd oA 2324 20

1
i

two-roll mill-& ©]-83}] 53] W5 W& (milling) 319 sheetE
4AIZE A g 9 2 A aehe st 2 WAl Tt
HjgE R A AR A EI )

3.1 Mooney viscosity "7}

Aest Wb 2o e A o] Ax WekE wket
7] 9135+ mooney viscometer(MV2000 ALPHAA}, USA)E ©]
gskglor, ZE= L (large)d ZHE AMEshaleH w7k
AEE FHIEHL 1327 100 TR AES 3§ sdst 25
A ZElE A0 AT 42 T S %S AR

AT FFF S AF-ETA Y S 22 27t
2 2] mAgt AHJE A mesh §7]0 Wi BF
(toluene)©] HZ1 &71%0l FIAAXITE 25 TE] 2EA &
=30 134 29le] AA wEhdk & fAS 2 RS T
of wolgls AL wj1 105 T BN 347t &
AXAA FAE STt

welE 7] i) FARRE Ao sk o

Fsic

A T

-

o

Gl

o, N
1>

il
NI\
o,

leg —W.lm, [(m, + m,)J
W m, [(m,+m,)

R, (%) = x 100
t

Rp(%): A9k

Wy : 2248 A9 7

ARA + FAA S
5]

A 9S8-S Pyrolyzer(JAI JCI-22, JAPAN)?} GC/MS
(Agilent 7890 GC, 5975C MSD, USA)E A3 Py-GC/MS=
AT Tl 590°CelM 533t A el GC HHE
2 DB-SmsE AHE-3F9 . HE E = selected ion monitoring
(SIM) modei= AF8-3t° SBR¥} TESPTS] 8 A= vhs
AEsHAh



106 Suk-Hee Jang et al. / Elastomers and Composites Vol. 48, No. 2, pp. 103~113 (June 2013)

3.4 Rheometer =7}

IFEEA Q] 7w 5442 ODR2000 rheometers AF-51o]
160C oA S 3tqlct o] ZTearellA 7FdE Z51 40%
Zhw 7k A= wo] Alzkel T40%kT} 7w Hk-g-o] 90%0]4: 2
A A)7rol To0ZHS =Asdt)y 18 al 7w m5-2aks)
9] w9}l ¥ Q)= minimum torquedts S793F% 0, 99
ulEle] "HolE ks Frarste] aEetAe] 7k AlRke A4

a5k

3.5 7t M50 X|] "o}
7t gd 3} ol EAe ok EFEZQ! indium zine
& 0] €3} DSC (PerkinElmer Pyris 1, USA) 259} heat flow
= B B4 AMgE B w7k o] A 10mg®
FAEHA 53+ 2, aluminum sample pans ARSI TH
&4 DSCH= A83t7] flal Tule LFEEAL] AR
—% %Eﬂ 7}7] T2 20, 30, 40 K/mm—J éli (20 ml/min)

A
o] ¢k DSC thermogram.J ﬂqw = HEH T, 7k
7

& SEAN IGT?) % UTpd £248 sjo] ol Ak
o 71971 Fol o b BT AEsH
36 Q1ZSY B}

A S B, el %7&5, a3

*160C
"140C
120 |
A A120C
20t
S S
7] A N
= n
3100 ~.
S \. .
~ S
£ R R .
A
9 f ~.
l = ~ .~
SLE,

8 oA

70

Mixing Time (min.)

Figure 1. Changes of mooney viscosity of the rubber composites
with the reaction time at 120, 140, and 160 TC.
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Figure 2. Variation of the filler dispersion index of the rubber
composites with the reaction time at 120, 140, and 160 C.
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Figure 4. Variation of the bound rubber contents with the reaction
time at 120, 140, and 160 T.
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Figure 10. Variation of the tan J of the rubber composite with
reaction temperature. The rubber composite was prepared at 160 C.
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Figure 9. Variation of the tan & of the rubber composite with
reaction temperature. The rubber composite was prepared at 140 C.
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Figure 11. Correlation between the tand at 0 C and the reaction
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Figure 12. Correlation between the tand at 60 C and the reaction
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Figure 13. Correlation between the tand at 0 C and the bound
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Figure 14. Variation of the storage modules of the rubber
composite with dynamic strain. The rubber composite was
prepared at 120 C.
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Figure 15. Variation of the storage modules of the rubber
composite with dynamic strain. The rubber composite was
prepared at 140 C.
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Figure 16. Variation of the storage modules of the rubber
composite with dynamic strain. The rubber composite was
prepared at 160 C.
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