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Abstract: In the wet master batch process, process oil is used to improve the workability of silica-SBR. The process oil
expands the polymer and provides lubrication to soften the stiff rubber chain. However, addition of excess process oil can
interfere in the crosslinking reaction between rubber molecules and reduce the crosslinking density of silica-SBR. Con-
trolling the amount of process oil is an important aspect for properly controlling the workability and crosslinking density
of silica-SBR. In this study, silica-SBR was prepared by adjusting the amount of process oil to confirm its effect on silica-
SBR. Vulcanization characteristics of silica-SBR were examined using a moving die rheometer. Dynamic viscoelasticity
was measured using a dynamic mechanical thermal analyzer, and the mechanical properties were investigated using the uni-
versal testing machine according to ASTM D412. As a result, all silica-SBR compounds with 10 to 40 phr of process oil
have effects of improving the processability and the silica dispersibility. Also, the optimum condition was determined when
10 phr of processed oil was added because the abrasion resistance was improved 65% compared to that at 40 phr.
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Experimental

1. Materials

A8 71-SBR HoL-&E A& Y3 E-SBR 1723 (KUMHO
PETROCHEMICAL, South Korea)S AF&-3}9 2™ 10 wit%2]
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7IREAAA 2 ARE 9o, N-(1,3-dimethyl-butyl)-N'-phenyl-
p-phenylenediamine (6PPD, Sigma Aldrich, United States)—=
AR A 2 AFE-E i Th. sulfur (SAMCHUN, South Korea)
L7t A 2 AFEE ey 12} 713& A A 2 N-cyclohexyl-2-
benzothiazole sulfonamide (CBS, Tokyo Chemical Industry,

Japan), 22} 713EAAZ diphenyl guanidine (DPG, Sigma
Aldrich, United States)”} AF&-Z| 1t}

2. Preparation of the silica—SBR compounds
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Figure 1. WMB, SMB, and FMB process for the preparation of silica—SBR compounds.
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Table 1. WMB, SMB, and FMB Compositions of Silica—SBR Compounds

WMB SMB FMB
E-SBR/Silica 10 wt% 'TESPT Modified silica ] 2zn0A(S/A)*6PPD  Sulfur/’CBS/°DPG/'TBZTD
TDAE-oil
(phr) (phr) (phr) (phr)
040 40
020 20
100 110 4.5/(3)/1.5 3/3/0.2
015 15
010 10

'TESPT: bis [3-(triethoxysilyl) propyl] tetrasulfide,

2Zn0: Zinc oxide,

3S/A: stearic acid, *6PPD: N-(1,3-dimethyl-butyl)-N'-phenyl-p-

phenylenediamine, CBS: N-cyclohexyl-2-benzothiazole sulfonamide, and *DPG: diphenyl guanidine, "TBzTD: TetraBenzyl Thiuram Disulfide.
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2 WS v Z42e) §S vehict.
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Measurement
1. Cure characteristics
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2. Dynamic viscoelastic characteristics

Aej7H-SBR vtz =4 2% 10000
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3. Mechanical properties
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4. Wear resistance
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Results and Discussion
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Figure 2. Cure characteristics of silica—SBR compounds
according to extend oil content.

Table 2. Cure Characteristics Data of Silica—SBR Compounds according to Extend Oil Content

tho too Cure rate Tnin Tinax Tinax-Trmin
(min:ss) (min:ss) (N-m/min) (N-m) (N-m) (N-m)
040 2:28 14:48 0.235 0.49 2.154 1.664
020 2:44 15:08 0.282 0.825 2.798 1.973
015 2:00 11:09 0.485 1.004 3.349 2.345
010 2:41 11:34 0.447 1.033 3.231 2.198
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2. Dynamic viscoelastic characteristics
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Figure 3. Dynamic viscoelastic characteristics of silica—SBR
compounds according to extend oil content.
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BRI o]F Z7haich Tg 2hE Wobd4® A27l-SBR 4
wE0] FAdel FdEE Avlsked ole 7HSA0lA
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0 g2 A7t A4S nist, ghol Weas At £
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Table 3. Dynamic Viscoelastic Characteristics Data of Silica—SBR Compounds according to Extend Oil Content

T s pE——

R C‘;g) Tan d at Tg E (al\t/[Pz? C E (l\itpg)c Tan § at 60C
040 -41.915 1.019 40.96 2.798 0.1107
020 —-41.664 0.864 74.26 4.542 0.1179
015 —-39.383 0.830 92.31 5.787 0.1163
010 -38.990 0.861 72.48 3.604 0.1096
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Table 4. Mechanical Properties Data of Silica~SBR Compounds according to Extend Qil Content

Hardness M100% M300% Elongation at break Tensile strength
(shore A) (kgf/cm?) (kgf/cm?) (%) (kgf/cm?)
040 55.8 10.4 29.7 1363 258.1
020 66.7 22.8 71.1 844 274.1
015 72.0 29.1 94.8 714 296.2
010 70.7 25.7 85.1 621 243.8
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3. Mechanical properties
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Figure 4. DIN wear of silica-SBR compounds according to
extend oil content.

strength ZF 3 22 A3 Yephdt). o] 1 Rulghg-o] A
7ol o548 A7t BAo] At whet S AN
o] WrAsle] AU RS} £71513 B3k A2)7)-SBR ke
So) HE7} bR Hupgk 1L Uehir] gEos o
AZth E3F 7D E=7E SR whet 7ty Abel o] Abs
Zo|7} ZFASHA E AL Tensile strength7} $715H= 23S
EREE

4. Wear resistance
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Conclusions

B Qe DRUS] H7go] Aesl-SBR Aresel
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B4, ST, /A 24 2 Yopng e vmsrge
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