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ABSTRACT: Present silica dispersing agents are based mainly on fatty acid derivatives of Zn,
K and mixture of fatty acid and metallic soaps are used to increase activity. The viscosity of
silica filled rubber is lowered by Zn-K soap type silica dispersing agent, thus fluidity of
hydrocarbon chains and processibility is improved. Silica dispersing agent should not exert an
influence on chracteristics of vulcanization. But scorch and curing time is shortened by Zn-K
soap type silica dispersing agent. A newly developed silica dispersing agent, which is a non-
metal type agent, reduced the viscosity and hardness of silica compounding rubber, and the
highly increased degree of dispersion of silica is caused by interaction of silica and rubber.
Also it did not affect the curing characteristics and scorch stability of silica compounding rub-
ber.
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Table 1. Formulation of Silica Filleded NR Com-
pound with Different Type Dispersing Agent

blank Zn-K SDA new SDA  ACKC

anhydride
SMR-CV 60 100
Zeosil-175 50
Si-69
PEG-4000
7Zn-K SDA -1 3 5 -
new SDA - - - -1
maleic anhydride - - - - -
Zn0
stearic acid
Kumanox-13
wax
DPG
TBBS
sulfur
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viscometer-1500, Instron-6012 (A&, crosshead
2% ;500 mm/min, load cell : 100 kgf), Qualime-
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Figure 1. FT-IR Spectra of newly developed silica

dispersing agent.
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Figure 2. Compatabilizing mechanism of newly de-
veloped silica dispersing agent.
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Table 2. Rheological Properties of Silica Filled NR Compounds with Different Amount of Various Silica
Dlspersmg Agents

" rheological "~ blank EF-44 ~ KSD-01 maleic anhydride
properties unit PEG 4000 1 phr 3phr Sphr 1phr 3phr Sphr 1phr 3phr 5phr
rheometer (160 'C)-torque (Ibs.in) T., 11.90 1130 9.90 840 1080 1090 103 112 1300 125
viscosity (ML, ;. @100 C) Toax 4530 4400 4150 39.90 4340 4210 416 444 4550 44.2
scorch time (T5) (unit) 641 638 60 525 622 607 583 629 656 67.6
(min) 14 1347 1253 1173 1387 1467 132 1307 1293 11.07

Table 3. Mechanical Properties of Silica Filled NR Compounds with Different Amount of Various Silica
Dispersing Agents

mechanical unit blank EF-44 KSD-01 maleic anhydride
properties PEG 4000 1phr 3phr 5S5phr 1phr 3phr 5phr 1phr 3phr 5phr
tensile strength ), 1n? 263/246 282/252 251/232 285/241 274/243 277/249 273/246 268/227 213/196 231/-
initial/ Aged-1 day
(aging con. 95 C)
elongation break
tear resistant
(Initial/ Age-1)
HB.UMT) C 152 15.2 13.8 14.2 15.6 145 144 155 16.3 16.6
DMF.C2x10Y) (mm) 69/56 68/52 11.4/7.0 6.1/51 80/61 60/61 45/53 7.2/59 7.1/53 60/52
0¢C 0.113 0.103 0.1 0.113 0103 0.104 0.104 0.108 0.098 0.107
60 C 0.049 0.049 0.047 0.057 0.051 0.05 0.049 0.05 0.05 0.051

% 544/472 572/484 523/458 581/483 581/469 579/504 562/489 551/427 491/401 531/-

kg/em®  97/87 107/87 111/79 103/87 95/91 110/87 117/86 113/91 102/81 113/84
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Blank Z-K soap type dispersing agent KSD-01

Figure 3. EPMA photograph of silica filled NR compounds with different silica dispersing agent (center).
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Blank Z-X soap type dispersing agent KSD-01

Figure 4. EPMA photograph of silica filled NR compounds with different silica dispersing agent (edge).
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2t} (Figure 5).
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Blank Z-K soap type dispersing agent KSD-01
Figure 5. EPMA photograph of silica filled NR compounds with different silica dispersing agent (cutting surface).
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