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ABSTRACT : A study was made on the chemical treatment of silica and silane coupling agents, bistriethox
ysilylpropyltetrasulfide(Si 69) and y -mercaptopropylirimethoxy silane (MPS) for reinforcement of silica
formulation. The effects of chemical treatment method and the most popular two coupling agents were
examined. The results clearly indicate that the wet method, coupling agent is combined chemically with
the silica prior to mixing, has more dispersion, wetting ability, dynamic properties and stability than the
dry method, coupling agent is premixed directly with the silica.

The mixing was done using a bench-type kneader having two mixing cam and a two-roll mill, under
approximately similar conditions. The physical properties of SBR vulcanizates give rise to marked
improvements by addition of Si 69 and MPS in comparison with without silane coupling agents. The
optimum amount of Si 69 and MPS was 2 w/w% by experiments in the dry method but was 4 w/w%
by EA and TGA analysis in the wet method.
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Table 1. Characteristics of Silane Coupling Agents,
Si 69 and MPS

Agents Si-69 MPS
bistriethoxysilylpropyl- | ¥ -mercaptopropyltri-
Name .
tetra sulfide methoxy silane
(C2H50)581CsHeS4- oL
Formulas CoHSICoHS0) (CH;0)5SiC3HsSH
Molecular 538.9 196.4
weight
Color yellowish white
Specific 1.08 1.06
gravity

Table 2. Recipe of Silica-Filled Elastomer

Materials phr
SBR (KOSYN 1502, Synthetic Rubber) 100
Silica (Zeosil 155, HanBul Chemical) 30
DEG (Diethylene glycol) 3
Zn0 s
Stearic Acid 1
Sulfur 2
Dibenzothiazyl disulfide (MBTS) 1.5
Diphenyl guanidine (DPG) 0.5

Elastomer Vol. 36, No. 4, 2001



240

Model RB-0.35)0] A#kg 1%g £9l8tn &
stgon, ol AHRETE 30 pmoE YL
WA 580 % &yrh S oFo) WARE

)

k-
498 AR £AH0E T
o ol A Ea9 sgEe 28 F
3] RS stk

AR e AT fRs BAAE 2RE 124
b Ed SAMT O, M5t AR ASTM
43089 7]&| W® o] AJHE A3} rheo-
meter(ZwickAl, Model 4308)Z ©]-83l 0w, 7k
We] Wl e B Sy waled 2
AlEFRTE AN E 3R] EEF BAS
71 Siste] AT 150 °C, 160kg® AT 7het
g olg3e] Az,

31 7IAHA E4 =A

LT, FtilE, modulus B AEHE Fe
7NAH SA4E AR 98t THsAlEAE ]
(UTM, Zwick)E o] &3t AAHE TA 2~3
mme] VI EE 258 AFgHe R Adksle] 500
mm/ming] ¢1gEER o] TAAY 20mmel ¢l
FAENE AAAE, 100, 300% modulus 1E)T
IS SAFYT, JIEAETE BY AlgH
2 AYste S0 mm/ming] £52 Z3Hth A
L 3N SAet Has FHstArh

2
7Vl ARE FAslr] $18ke Shore A
type?] ZEA(Askar H-1208 AMgalgn 5%
o2 FA8 WHW Aol FA 20mm o] Al
AW AAE PP 7L
o7 F] 102 3o @& 33 o Z43to

Lo

ot fr o8

Azt 22w A36A A43, 2001

34 o2y =8

NBS v}32A S 7|(Yasudaseiki, AB-40 mesh)E ©
£3to} 4.5kg?] 35S Al 7P, RFEALF
9] gFuly IAFE 128/mm B 7)FoE §)
Aok

35 gdE B

sekxie] AEghe) SEay de 2 FI}EE
olalr] 9t A9 XEBVI(FT-IR, Nicolet 710,
US.A), GEAMIITGA, Du-Pont, 951) &L UAEH
7)(EA-1108, Carlo Erba)Z A1-8-5}5iTh

—_

V. d= 5 ¥

AutFo g A= A F EF F, dA &
e v8S AFshs ZHA(extender)sl o
42 27e 4L AXMNA FE RAHA(rein-
forcement)E. 723, HAAZ A8E A=
7%, modulus, S}FA), QFEE, JAEFE, W
794, zAgg Urira 9 og /A B4
o] Zrlgtt.

v FU1EQ Aggte] A fU1EQ 1y

3

x| FEgdo] /A 2
LR £ao] Z7] wio] FAEA] N,
gilgo] FAagde
modulus®] A8 w3 A7} Z4siH, o]
wzho] el Ql ofgke] AR niE A
Z 7l9E 4 gk

Aukzlo g APFE RPAZ A8 A B
48 =72 Yt hR-E HdEAZHAE I3
13k AAHe wo) olgstm ok’

whab wA A gl FS Aty ¢l
3l AZYAZE Si 699 MPSE W sl SBR
of wigtet F =3 BelAQ EARLE Table 39
Vel 913, Table 3o vpebd Q1A2%E, modulus,
AdFEe} YrtR e Figwe 1014 47p4 22}
TSR -

Figure 10]] Si 699} MPSe] %Fe] wslel| tigh <1

>~

e

i

oX



AT AEYA Aol 1R B nA= 9F 241

Table 3. Properties of Silica-Reinforced SBR Vulcanizates for the Dry Method

wiw ST;;:;; Elongation l\/llgc(i):/fus ]\jggfﬁ)us Hardness | Tear strength | Abrasion
Y% (x10'N/m*) % (x10°N/m®) (x10°N/m’) Shore A (x10"N/m) %
0 1.80 581 1.10 3.71 65 4.61 105
Si 69
0.8 1.99 575 1.17 4.53 63 4.74 116
2.0 1.96 521 1.39 4.76 63 5.68 127
3.0 1.75 485 1.45 5.40 62 5.81 119
33 1.83 439 1.52 5.80 64 5.80 126
5.0 1.63 426 1.50 5.86 62 5.54 113
6.7 1.63 408 1.66 7.01 64 577 119
MPS
1.0 2.05 544 1.35 5.04 63 5.31 125
2.0 2.14 549 1.56 5.57 62 5.78 137
3.0 2.12 512 1.60 6.25 62 6.08 136
4.0 2.12 468 1.69 6.84 64 5.86 132
5.0 2.14 481 1.72 7.33 63 5.98 119
6.7 1.91 409 2.00 8.23 64 6.30 122
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Figure 1. Effect of coupling agent contents on the tensile
strength of silica-reinforced SBR for the dry method.
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Figure 3. Effect of coupling agent contents on the tear
strength of silica-reinforced SBR for the dry method.
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Figure 4. Effect of coupling agent contents on the
abrasion of silica-reinforced SBR for the dry method.
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Table 4. Properties of Silica-Reinforced SBR Vulcanizates for the Wet Method

Tensile . 100% 300% Tear .
A
wiw strength Elongation Modulus Modulus Hardness strength brasion
% (x10'N/m”) % (x10°N/m”*) (x10°N/m”) Shore A (x10"N/m) %
0 1.80 581 1.10 3.72 65 4.61 105
Si-69
10 2.07 495 1.19 6.08 65 5.85 121
20 2.06 478 1.31 5.73 65 5.95 128
40 2.00 452 121 6.50 67 6.21 131
60 2.03 459 1.16 5.83 66 5.91 133
80 2.07 445 1.28 6.41 65 6.13 129
MPS
10 1.92 450 1.45 7.37 64 6.55 143
20 1.92 393 1.36 7.34 66 6.68 137
40 2.00 425 1.41 7.89 64 6.44 142
60 1.93 388 1.51 | 8.00 65 6.89 139
80 1.98 409 1.39 7.51 65 6.79 137

Elastomer Vol. 36, No. 4, 2001



244

24

23 4

224

21 4

2.0 1

Tensile strength [ x107 N/mz]

—a— Si69
—e— MPS

T T T T
20 40 60 80 100

Coupling agent [w/w%]
Figure 6. Effect of coupling agent contents on the tensile
strength of the silica-reinforced SBR for the wet method.
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