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ABSTRACT : This study was investigated on the physical properties of synthetic rubber com-
pounds containing silica and silane copuled silica. Surface area and pore volume of silane
copuled silica appeared to be low compared with those of pure silica because silane coupling
agent blocks the pore of silica surface during silanization reaction. Silica with large surface area
and high structure showed the short scorch time(ts) and rapid cure rate. The silane coupled sili-
ca showed the shorter scorch time and more rapid cure rate than pure silica because of the ef-
fect of sulfur in the silane coupling agent(Si 69). The high value of N3SA minus CTAB com-
pared with surface area and structure of silica showed the high 300% modulus. Also, the sur-
face area and structure of silica did not affected the amount of PICO loss that indicate the
abrasion resistance but affected the amount of cut and chip loss.
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Fig. 1. Experimental design for evaluating the sili-
ca reinforcing ability.
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Table 1. Materials Description
Ingredient Description Source
Synthetic rubber SBR-1500(Styrene-butadiene rubber) Kumho petrochem., korea

Zinc oxide Special grade(99%) Hanil, korea
Stearic acid Acid No. 200 Chunkwang, korea

St Silica Kofran, Korea

S2 Silica Degussa, Germany

S3 Silica Degussa, Germany

S4 Silica Kofran, Korea

Sh Silane coupled silica(S2+8% S169) Degussa, Germany

S6 Silane coupled silica(S3+8% Si69) Degussa, Germany

Si69 Bis(3-triethoxysilylpropyl) tetrasulfane Degussa, Germany

Sulfur — Miwon, korea
Cure-NS N-tert-butyl-2-benzothiazol sulfenamide Dongyang, korea

1. S1 1s Zeosil 175 produced by KOFRAN, Korea.
2. 52 is Ultrasil VN3 produced by DEDUSSA, Germany.
3. 83 is Ultrasil 7000 produced by DEGUSSA, Germany.
4, S4 is Zeosil 135 produced by KOFRAN, Korea.

5. S5 is Coupsil 8108 produced by DEGUSSA, Germany.
6. 56 is Coupsil 9018 produced by DEGUSSA, Germany.
7. DEG is abbreviation of diethyleneglycol.

Table 2. Characteristics of Silica and Silane Coupled Silica

Item Zeosil 175 |Ultrasil VN3 |Ultrasil 7000| Zeosil 135 |Coupsil 8108|Coupsil 9108
N,SAY, m?/g 165 175 180 210 143 152
CTAB?, m?/g 165 165 165 130 - -

N,SA-CTAB, m?/g 0 10 15 80 — —
DBP?, cc/100g 220 208 250 250 — -
Si69, % - — — - 3.0 8.0
Pore volume, cc/g 0.018 0.019 0.021 0.048 0.0078 0.0096
Pore area, m?/g 42.1 44.7 49.7 105 21.9 25.9
ESAY, m?/g 119 120 129 118 121 125

1. CTAB : Cetyl-trimethyl-ammonium-bromide surface area, m?/g
2.N,SA : Nitrogene surface area, m?/g

3. DBP : Dibutyl-phthalate adsorption number, cc/100g
4. ESA ! External surface area, m?/g

“S6”) & dl7A AEo2, Coupsil 8108& Ultrasil
VN3¢l Si69E, Coupsil 9108& Ultrasil 7000
Si695 77t 8% R uieAlA FAT AFolc) wig
o AH-E FAHTLTFE F3AEEHA SBR-15004

F2AAE 5438 A (Cure NS)E AHgslat). £

Ao AH-E 59 AFE Table 19] Yehyglon,
Ae)7}E4 & Table 29 Jehgict. wigtzFo] v
guble ASTM D3192¢) & 13} ExAE 4

FHFAE g ojlald =3 *}E}°}°4(Spe01al g 1.5L 9#4) £§7](BR Banbury mixer, Farrel
zinc oxide)®} HB-5-2| A Ago}2AH(Stearic acid) Co., USA)& o]&3te 27]&x 100C, 60rpm &
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Table 3. Recipe for Compoundings

Item T-1 T-2 T-3 T-4 T-5 | T-6
SBR1500 100 - — - — -
Zn0 3.0 — - - — —
S/A 1.0 — — — - -
S1v 50 — - _ — -
S22 - 50 — — - —
S3% - - 50 - - -
Sqv - - ~ 50 - —~
S55) - - ~ - 54.3 -
569 - - — — - 54.3
DEG” 2.5 25 2.5 2.5 2.5 2.5
Si69 4.0 4.0 40 4.0 —~ -
Sulfur 1.75 — — - — —
NS 1.0 — — — — —

1. S1 is Zeosil 175 produced by KOFRAN, Korea.
2. 52 is Ultrasil VN3 produced by DEGUSSA, Germany.
3. 53 is Ultrasil 7000 produced by DEGUSSA, Germany.
4. 54 is Zeosil 135 produced by KOFRAN, Korea.
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5. S5 is Coupsil 8108 produced by DEGUSSA, Germany.
6. S6 is Coupsil 9018 produced by DEGUSSA, Germany.
7. DEG is abhreviation of diethyleneglycol.
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Silica Bis-[ 3-( Triethoxysilyl)-Propyl }-Tetrasulfide

Fig. 2. Hydrophobation reaction for silica and silane coupling
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Table 4. Torque Obtained from 160°C Rheographs

Pure silica |Coupled silica

Item s1]sz]S3[s4| S5 | s6

Viscosity, ML(1+4)/91(79(81|75| 99 101
Max. Torque, Ib.in |62 |57{63|57| 66 66
Min. Torque, Ib.in |16]15(18 (14| 21 22
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