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Various types of accelerators, thiuram (TMTD), thiazole (MBTS), and sulfenamide (CBS) are added into a silica filled natural
rubber (NR) compound. Their effects on vulcanization properties are also investigated. TMTD shows a fast vulcanization rate
and a higer maximum torque (Tma), as well as excellent mechanical properties (hardness, 300% modulus, tensile strength,
elongation). MBTS shows a moderate vulcanization rate, a lower Tmax, and mechanical properties. Finally, CBS shows a slow
vulcanization rate but excellent mechanical properties. The same vulcanization trend can be found in carbon black filled NR

compounds.
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Figure 1. Chemical structure of accelerators (a) TMTD (tetramethyl thiuram disulfide), (b) MBTS (2,2 -dithiobis(benzothiazole)), and (c¢) CBS

(n-cyclohexyl benzothiazyl-2-sulfenamide).
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Figure 2. Cure characteristics of the silica/natural rubber compounds
with various accelerators.
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Table 1. Formulation Used in This Study (Unit ; phr)

Materials T1 T2 T3 Product name
NR" 100 100 100 CV 50
Silica 40 40 40 LK955-1
Silane 4 4 4 Si-69”
Zn0O 5 5 5 ZnO#S

Stearic Acid 2 2 2 Stearic Acid
PEG” 2 2 2 KONION
Sulfur 2 2 2 MIDAS SP 325

TMTD" 1 - - TT

MBTS” - 1 - M
CBS® - - 1 Ccz

" natural rubber

? TESPT (bis (3-triethoxy silyl propyl) tetrasulfane)
3 poly (ethylene glycol)

K tetramethyl thiuram disulfide

% 2,2"-dithiobis(benzothiazole)

o n-cyclohexyl benzothiazyl-2-sulfenamide

Table 2. Vulcanization Properties of Silica/Natural Rubber Compounds
with Various Accelerators

Tomin Tinax tio too (Tmax-min /

(Nm)  (Nm) ™00 o) (see) 0 gg0i0) x 100
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Table 3. Mechanical Properties of Silica/Natural Rubber Compounds
with Various Accelerators

100% Modulus 300% Modulus Tensile strength Elongation

(MPa) (MPa) (MPa) (%)
TMTD 2.0 75 26.6 630
MBTS 1.8 53 19.9 630
CBS 2.0 63 238 630
S S\SIXJJ
| g+ < DMeN— |
Me,N7 8- ¢S BI]

Figure 3. Schematic presentation of stabilized thiuram persulfenyl
radical structure via ring formation|31].
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