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ABSTRACT : The silica-silica interaction parameter (ar) of the silane treated silica filled natural rubber (NR) compound
was investigated. The measured ar values using mass fraction method following Wolff's theory were compared with volume
fraction method. As silica concentration increased, the ar value increased for both methods. The value of ar expressed
as volume fraction was higher than that of mass fraction, which resulted in large gaps between ar values. The effect of
accelerator (MBT) concentration on ar values was compared.

Keywords : ap(measure of the in-rubber structure of the filler), silica / silane, silica structure, Wolff’s theory, natural

rubber(NR).
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Table 1. Mixing Procedure

Step 1:
(minsee.) Action

0.00 open ram; add rubber
0.10 close ram
0.40 open ram; add silica and silane
1.00 close ram
6.00 open ram; sweep
7.00 add ZnO, PEG, and stearic acid; close ram
12.00 dump

Step 2:
(E?f) Action
0.00 load compound; add sulfur and accelerator (MBT)
4.00 dump

Table 2. Formulation Used in This Study (Unit ; phr)

Materials Specimens Product name
NR" 100 — - - CV 50
Silica 10 20 30 40 LK955-1
Silane 1 2 3 4 Si-69 ?
Zn0O 5 - - ZnO#S

Stearic Acid 2 — - — Stearic Acid
PEG * 2 - - = KONION
Sulfur 2 — —  — | MIDAS SP 325
- - >
1 — — —
MBT 2 - - - M
3 — — —
4 - >

" natural rubber, ? TESPT (bis (triethoxy silyl propyl) tetra-

sulfane), 2 poly (ethylene glycol), Kl 2-mercapto benzothiazole
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p p
D maxs D min -

mg, mp : filler and polymer mass in the compounds

maximum and minmun torque of the gum
ar : measure of the in-rubber structure of the filler
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vr, vp : filler and polymer volume
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Figure 1. The @ r value calculated from mass and volume fraction
as a function of silica loading at (a) 1, (b) 2, (c) 3, and (d) 4
phr MBT.
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Figure 2. The torque rise (Tmaxmin) Of each compound as a function
of silica loading with various MBT content(1, 2, 3, 4 phr).“’
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Table 3. Measured @ values of Silane/Silica/Natural Rubber
Compounds with Various Silica Loading, (10, 20, 30, 40 phr)
along with Various MBT Content, (1, 2, 3, 4 phr)

mass volume
(mg / mp) (Ve / vp)

1 -0.58 -1.37

Silica | MBT | 2 0 0
10 phr | (phr) | 3 0.08 0.19
4 0.73 1.74

1 2.40 5.66

Silica | MBT | 2 2.88 6.77
20 phr | (phr) | 3 2.74 6.45
4 2.93 6.89

1 3.08 7.27

Silica | MBT | 2 3.42 8.08
30 phr | (phr) | 3 3.15 7.43
4 3.55 8.39

1 3.61 8.53

Silica | MBT | 2 3.89 9.22
40 phr | (phr) | 3 3.65 8.64
4 3.96 9.38
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