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ABSTRACT

ypothesis: The physical and mechanical as well as the viscoelastic properties
Hof SSBR compounds are strongly dependent on the molecular weight and its
distribution, 1,2 vinyl branch, and styrene content, as well as the selected cure
system which has been thoroughly studied in this work.
Methods: Three commercial SSBR grades were selected. The GPC technique was
used to determine the molecular weight and its distributions. Four conventional
sulfur cure systems with two primary and secondary accelerators were chosen and
12 compounds have been prepared with their corresponding test specimens. A series
of experiments were conducted including the measurements of the storage and loss
moduli of the master compounds, cure properties, mechanical properties (tensile
strength, elongation-at-break, modulus and hardness), abrasion resistance, dynamic
mechanical thermal analysis (temperature sweep at a constant frequency) and dynamic
properties using RPA (strain sweep at constant frequency and temperature).
Findings: Increasing the molecular weight would decrease the Payne effect in master
SSER cc_)mpounds. Rubber gompounds with TMTD as the secondary acc.elefator hgve
! higher crosslink density and hardness which have been enhanced with increasing
cure system, the molecular weight but the abrasion resistance was decreased. A comparison of the
mechanical properties between compounds prepared with an identical micro-structure
revealed that rubber with a broader molecular weight distribution and longer chains
molecular weight distribution, shows better mechanical properties. In addition, the compounds in which the rubber
compound has a higher molecular weight, average polydispersity index, lower glass transition
temperature, and lower 1,2 vinyl content showed lower and higher loss factors at 60°C
and 0°C, respectively. This indicates that it can be used as a good potential rubber in
tire tread.
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Table 1. Compound formulation.
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Ingredient MSI1 MS2 | MS3 | MS4 | HSI
SSBR (5270M) | 100 100 100 100 -
SSBR (5270H) - - - - 100

SSBR (563R) - - - - -

CB (N330) 70 70 70 70 70

Aromatic oil 30 30 30 30 30
6PPD 2 2 2 2 2
T™Q 1 1 1 1 1
ZnO 5 5 5 5 5

St. Acid 3 3 3 3 3
Sulfur 2 2 2 2 2
TBBS 1 - 1 - 1
MBTS - 1 - 1 -

TMTD 0.3 0.3 - - 0.3
DPG - - 0.5 0.5 -

Sample code (phr)

HS2 | HS3 HS4 RS1 RS2 | RS3 | RS4
100 100 100 - - - -
- - - 100 100 100 100
70 70 70 70 70 70 70
30 30 30 30 30 30 30
2 2 2 2 2 2 2
| 1 | 1 1 1 1
5 5 5 5 5 5 5
3 3 3 3 3 3 3
2 2 2 2 2 2 2
- 1 - 1 - 1 -
1 - 1 - 1 - 1

0.3 - - 0.3 0.3 - -
- 0.5 0.5 - - 0.5 0.5
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Table 2. Chemical/trade names of the compounding ingredients.

Ingredient Chemical/trade name Supplier
SSBR (5270M) Solution polymerized styrene-butadiene rubber Kumbho (South Korea)
SSBR (5270H) Solution polymerized styrene-butadiene rubber Kumbho (South Korea)
SSBR (563R) Solution polymerized styrene-butadiene rubber JSR Corporation (Japan)
CB (N330) Carbon black Iran Carbon Co. (Iran)
Oil Aromatic oil, Behran 290 Behran, Iran
6PPD N-(1,3-dimthylbutyl)-N-phenylenediamine (Dusantox) Duslo, Slovakia
™Q Poly(1,2-dihydro-2,2,4-trimethyl-quinoline) Duslo, Slovakia
ZnO Zinc oxide Rangineh Pars, Iran
St. Acid Stearic acid (St. Acid) Rhein Chemie
Sulfur Sulfur Tesdak, Iran
TBBS N-tert-butyl-2-benzothiazyl sulphenamide Henan Kailun Chemical China
MBTS 2,2’-Benzothiazyl disulfide Henan Kailun Chemical China
TMTD Tetramethylthiuram disulfide Henan Kailun Chemical China
DPG Diphenyl guanidine Henan Kailun Chemical China
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Table 4. Microstructure properties of the raw elastomers.
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Table 3. Average molecular weights with polydispersity index

of the raw elastomers.

ER SSBR SSBR SSBR
(563R) | (5270H) | (5270M)
Styrene content (%) 20 21 21
Vinyl content (% in BD*) | 55.5 63 63
Mooney viscosity 74 63 50
Tg (°C) -35 -28 -28
‘Butadiene
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Fig. 1. Molecular weight distribution of the raw rubbers.

SSBR SSBR SSBR
Parameter
(563R) (5270H) (5270M)
M, (g/mol) 3.37179x10° | 3.0338x10° | 2.7952x10°
M, (g/mol) 5.3916x10° 4.0914x10° | 4.2423x10°
M (g/mol) 7.3288x10° 5.4790x10° 6.7451x10°
PDI 1.4502 1.3486 1.5177
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Table 5. Vulcanization characteristics of the compounds.
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Sample ts1 (min) ts2 (min) t95 (min) MH (dN.m) ML (dN.m) MH-ML (dN.m)
MSI1 1.77 1.95 8.15 16.08 1.13 14.95
MS2 1.38 1.53 9.69 16.15 1.15 15.00
MS3 3.04 3.50 15.37 13.33 1.04 12.29
MS4 1.65 1.95 15.14 14.16 1.13 13.03
HS1 1.88 2.12 9.92 16.54 1.42 15.12
HS2 1.52 1.70 10.40 16.95 1.46 15.49
HS3 3.03 3.68 17.15 13.92 1.34 12.58
HS4 1.64 1.99 16.02 14.79 1.38 13.41
RS1 1.84 2.02 7.16 16.38 0.85 15.53
RS2 1.6 1.50 7.92 17.19 0.85 16.33
RS3 3.00 3.40 12.88 14.44 0.84 13.60
RS4 1.74 2.01 13.00 14.81 0.83 13.97
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Table 6. Test data of tensile, hardness and abrasion experiments.
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oo s O0/07. (gl )13 S63R Sz o355 o odalica ¥ U5l 53 45
Az fius oS YL bl Ks Saw¥ g S s eny
SrloiSls Ll sl Skl s T 0554
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Sample :;re:;;; Elongation at Stress @100% Stress @, 200% Hardness Abrasion loss
(MPa) break (%) (MPa) (MPa) (Shore A) (mm?®)
MS1 14.85+0.12 284.59+0.47 3.77+0.06 10.28+0.15 66.7+0.47 188.06+3.06
MS2 14.11+£0.51 273.07£9.65 3.82+0.01 10.10+0.04 67.2+0.77 197.04+4.53
MS3 13.14+0.85 309.21+16.90 2.47+0.01 7.36+0.03 64.5+0.55 185.94+4.62
MS4 16.34+0.29 340.51+3.25 3.26+0.05 9.08+0.09 64+0.65 185.55+2.81
HS1 14.65+0.20 274.61£9.54 3.94+0.17 10.66+0.31 67+0.34 191.33+4.37
HS2 14.00+0.13 249.56+1.74 4.31+0.06 11.18+0.10 66.2+0.30 197.74+3.01
HS3 11.11+0.82 263.41+12.99 2.64+0.05 7.62+0.14 65.7£0.41 188.55+2.33
HS4 14.37+0.92 292.00+14.38 3.40+0.07 9.32+0.20 65+0.34 189.55+4.32
RS1 15.19+0.47 265.55+8.15 3.77+0.12 10.94+0.16 67.7+0.65 172.67+2.61
RS2 13.66+0.06 246.76+3.79 3.80+0.15 10.55+0.28 67+0.24 172.37£3.00
RS3 13.71£1.07 296.53+19.09 2.7240.02 8.02+0.07 64.7+£0.34 160.54+3.50
RS4 15.89+0.34 320.29+8.37 3.09+0.01 8.29+0.37 65+0.38 159.98+1.02
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Fig. 4. Variations of the loss factor with temprature in the

prepared compounds with cure system S2.
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Fig. 3. Variations of the loss factor with temprature in the

prepared compounds with cure system S1.
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Fig. 6. Variations of the loss factor with temprature in the

prepared compounds with cure system S4.
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Fig. 5. Variations of the loss factor with temprature in the

prepared compounds with cure system S3.
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Table 7. Average loss factor at different performance zones with temperature at maximum loss factor.

Sample Loss factor TemperaMe °C) @

(-20°C to -10°C) | (-10°C to +10°C) | (30°C to 50°C) (50°C to 70°C) maximum loss factor
MSI 0.49 0.39 0.13 0.12 -10.92
MS2 0.41 0.37 0.12 0.13 -9.58
MS3 0..47 0.38 0.13 0.14 -10.33
MS4 0.44 0.39 0.15 0.16 -9.75
HS1 0.245 0.39 0.12 0.11 -11.17
HS2 0.49 0.4 0.12 0.12 -11.08
HS3 0.52 0.39 0.14 0.16 -11.42
HS4 0.49 0.36 0.13 0.13 -11.83
RS1 0.59 0.28 0.12 0.11 -16.7
RS2 0.48 0.27 0.12 0.11 -16.7
RS3 0.58 0.23 0.12 0.12 -17.5
RS4 0.57 0.23 0.12 0.12 -18.33
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Fig. 8. Variations of the storage modulus and loss factor with

strain for the prepared compounds with cure system S2.
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Fig. 7. Variations of the storage modulus and loss factor with

strain for the prepared compounds with cure system S1.
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Fig. 10. Variations of the storage modulus and loss factor with

strain for the prepared compounds with cure system S4.
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Fig. 9. Variations of the storage modulus and loss factor with

strain for the prepared compounds with cure system S3.
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