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Abstract: A thiazole type accelerator MBT (2-mercapto benzothiazole) was added into silica filled natural rubber
(NR) compound with various concentrations (0, 1, 2, 3, 4 phr). The effects of MBT on the cure rate, mechanical
property, degree of rubber-filler interaction (), crosslinking density, and viscoelastic property (tand) were
investigated. As accelerator concentration increased, the #, and #,, decreased and the crosslinking density and modulus
at 300% elongation increased. The tensile strength and elongation increased up to 3 phr and no further increased at
4 phr. The tan § value measured at room temperature was higher than that of the 70 °C. The o value was not affected
by the addition of MBT. The mechanisms for the vulcanization rate were reviewed.

Keywords: 2-mercapto benzothiazole(MBT), silica/natural rubber, cure rate, mechanical properties, vulcanization
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Table 1. Formulation Used in This Study
Materials MO Ml M2 M3 M4

(Unit; phr)

Product name

NR*® 00 » - - - CV 50
Silica 04 - > -S> - LK955-1
Silane 4 e Si-69”
ZnO 5 e T T ZnO#S
Stearic acid 2 e Stearic acid
PEG* 2 e KONION
Sulfur 2 - > —> — MIDAS SP 325
MBT - 1 2 3 4 M

“NR: Natural rubber. “TESPT: Bis(3-triethoxy silyl propyl) tetrasulfane.
‘PEG: Poly(ethylene glycol). “MBT: 2-Mercapto benzothiazole.
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Figure 1. Chemical structure of MBT (2-mercapto benzothiazole).
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Table 2. Mixing Sequence

Step 1:
Time(sec) Action
0 open ram; add rubber
10 close ram
40 open ram; add silica and silane
60 close ram
360 open ram; sweep

420 add ZnO, PEG#4000, and stearic acid; close ram

720 dump
Step 2:
Time(sec) Action
0 load compound; add sulfur and accelerator (MBT)
240 dump
CRI = 100/(to — 1) ()

CRI= scorch point(z,)9} te2 ©]-8-31e] AlLtE T} 3 1}
S 9] 718&E 7 W2 A -$-, scorch point(f) 2t 2] X}
o]7} Zo] €3 CRI g Eolxit}.
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F F . : :
D o D pin @ maximum and minmun torque of the

filled rubber compounds
DP o DPin : maximum and minmun torque of the gum
my, mp : filler and polymer mass in the compounds
o . rubber-filler interaction coefficient
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Figure 2. Cure characteristics of the silane/silica/natural rubber
compounds with various MBT contents (0, 1, 2, 3, 4 phr).
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Table 3. Vulcanization Properties of Silane/Silica/Natural
Rubber Compounds with Various MBT Contents

Concentration (N";g) (17\‘1'7;;;) Traxmin (stélc) (SIZ‘::) too-ts1 (;I(}II)
MO 04 2.0 1.6 225 1041 816  0.12
M1 06 34 2.8 90 421 331 0.30
M2 0.7 4.0 33 42 251 209 048
M3 0.8 42 34 31 213 182  0.55
M4 0.8 44 3.6 26 200 174  0.57

EEmts2 C3Jt90 —e—Tmax-min

1200 r4

1000 A

T
w

800 o

600 - F

N
Tmax-mm (N~m)

toy tyo (sec)

T
-

200 -

0 - -0
MO M1 M2 M3 M4

Figure 3. Vulcanization property of silane/silica/natural rubber
compounds with various MBT contents (0, 1, 2, 3, 4 phr).
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Figure 4. Stress-strain curves of silane/silica/natural rubber com-
pounds with various MBT contents.
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Figure 5. Mechanical property of silane/silica/natural rubber com-
pounds with various MBT contents (0, 1, 2, 3, 4 phr).
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Table 4. o of Silane/Silica/Natural Rubber Compounds with
Various MBT Contents

Silica(phr)
10 20 30 40
1 -0.58 2.40 3.08 3.61
2 0 2.88 3.42 3.89
MBT (phr)
3 0.08 2.74 3.15 3.65
4 0.73 2.93 3.55 3.96
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Figure 6. Crosslinking density of silane/silica/natural rubber com-
pounds with various MBT contents.

——M0 —® M1
15

10—W

M2 —*=M3 —*— M4

G' at 25°C (MPa)

0 TN NN NN NN N TN TN NN TN TN TN TN Y N N N N N O T TN T T T T A |

0 01 1 10
Frequency (Hz)

(a)

G' at 70°C (MPa)

0 [N TN NN TN TN NN TN W NN NN T N N T NN NN T Y Y T N Y N T O T |

0 01 10

Freq&ency (Hz)
(b)

Figure 7. Storage modulus as a function of frequency of each
compound with various MBT contents. (a) 25 °C; (b) 70 °C.
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Figure 8. Loss modulus as a function of frequency of each compound
with various MBT contents. (a) 25 °C; (b) 70 °C.
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