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Table I Effect of microstructure on properties.*

Cis, % 27 38
Trans, % 34 39
Vinyl, % 24 8
Processing
Mix Time, minutes 3.7
Extrusion at 121°C, Gravey Die
grams/minute 104 102
rating (12 best) 12 11—
Cure 30 Minutes at 1563°C
300925 Modulus, MN/m2** 7.2 7.8
Tensile, MN/m? 21.6 19.1
Heat Buildup, °C 41 43
Resilience, % 57 59
Shore A Hardness 58 59

* 85/15 butadiene/styrene copolymer.
** MN/m? is equivalent to 10.2 kg/cm? and 145

psi. Basic recipe: rubber 100, ISAF(N220) black
70, oil 40, zinc oxide 3, stearic acid 2, antioxi
dant/antiozonant 3, wax 2, sulfur 2.1, accelerator
1.3

Table II-Effect of microstructure on performance.
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cis, % 27 38
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Vinyl, % 24 8
Abrasion Index 100 127
Wet Skid Resistance Asphalt 100 91
Polished Concrete 100 96

* 85/15 butadiene/styrene copolymer
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Table I Typical solution copolymers description.
Butadiene 77 85
Styrene 23 15
Qil Content, phr 37.5 37.5
Bale Mooney, ML-4 at 212°F. 50. 45
Analysis, % of Total Weight
cis 34 34
trans 35 41
vinyl 8 10
polystyrene 0 0
Tg,* °C —68 —71
Heterogeneity Index 3.2 2.9
Mw x 10-3 960 800
Mn x 10-3 295 275
G-Factor** 0.56 0.58
Gel, % 0 0
Inherent Viscosity 2.65 2.51

* Temperature of maximum in loss modulus (E””) at
35 Hz in lightly cross-linked gum.

** Tower number indicates greater branching. J.
Polymer Sci. A-2, Vol. 10, page 657, (1972)
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Fig. 3 NMR blockiness vs. abrasion index.

Table [J Typical recipe, order of addition of
compounding ingredients, and mix times for
solution copolymers

Basic Recipe

Rubber 100
Total Oil 40
N220 Carbon Black 70
Zinc Oxide 3
Stearic Acid 2
Amine/p-phenylenediamine 1.0 and 2.0
Paraffin Wax 2

N/N N/N N/N

LI/F LV/F

LT/F

T8
Fig. 4 Mill band ratings of compounded stocks.



Sulfur Variable
Accelerator Variable
Banbury Cycle Masterbatch
Rubber, Carbon, powder [ o’
Oil 132°C
Discharge Target 165+5°C
Remix
Masterbatch and curative (024
Discharge 121°C, max

Typical Mix Times 60/40 Blends

Butadiene/
Styrene 77/23 SBR1712 77/23 SBR1712 85/15

Polybutadiene —— —— Solprene 255 Cis-4 1203 —
Minutes 3.3 2.8 3.8 3.2 27
Temperature®C 154 149 154 149 154

* Includes oil in oil masterbatches

Table V Typical mill band
rating for recipe used.

Butadiene,/Styrene | 77/23; TBR ]77/23’ e |85/15

Solpre [ Cis-4

Polybutadiene 1 T |ne 255 1203
15 30cm, /%i}lc | 6/10 | 6/10 | 8/10 | 6/10 | 4/10
30 76-cm Mill ? 10 101 101 10| 10

70°C (remix)
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Table V| Extrusion characteristics of solution copolymers.

60/40 Blends

Butadiene /Styrene 77/23 SBR1712 77/23 SBR1712 85/15
Polybutadiene —_— _— Solprene 255  Cis-4 1203 —_—
Extrusion at 121°C Gravey Die
cm/minute 117 99 132 109 109
grams/minute 100 96 104 104 92
appearance (12 best) 12 10 12 11 10+
feed rating 8 8 8 8 8
Round Die at 121°C Shrinkage, % 50 57 48 59 50
e R Rating Good Good Good  Very Good Good
Table VI Geen tensile, viscosity and tack of solution copolymers
60/40 Blends
Butadiene/Styrene 77/23 SBR1712 77/23 SBR1712 85/15
Polybutudiene — —_— Solprene 255  Cis-4 1203 _
Green Tensile, MN/cm? 0.34 0.34 0.32 0.29 0.36
Mooney Viscosity at 100°C 65 62 57 54 66
Tel-Tack, MN/m? 0.04 0.06 0.04 0.05 0.04
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Table VI Curing characteristics of solution copolymers

60/40 Blends

Butadiene/Styrene 77/23 SBR1712 77/23 SBR1712 8§5/15
Polybutadiene _ —_— Solprene 255 Cis-4 1203 —_
Sulfur 2.1 15 1.5 2.1 2.1 2.1 1.5
NOBS Special 1.2 1.6 1.2 1.6 1.3 1.3 1.2 1.5
Monex 0.2 0.4 0.4 0.2 0.1 0.2 0.4
Mooney Scorch at 138°C minutes 15 14 15 14 13 13 14 15
Rhggr”;etﬁgt‘e"f 333 7121 3 D 1.9 2.7 0.7 12 3.1 L2 2.5 2.5
95% Cure, minutes 12 12 23 17 12 18 13 13
Reversion (0.113Nm) minutes 28 52 58 58 29 45 31 60

* One N-m/minute equals 8.857 Inch-poundh/minute
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Table X Vulcanizate properties of solution copolymers.

60/40 Blends

Butadiene/Styrene 77 .23 SBR1712 77/23 SBR1712 85/15
Polybutadiene _ e Solprene 255 Cis-4 1203 e
Sulfur 2.1 1.5 2.1 1.5 2.1 2.1 2.1 L5
NOBS Special 1.5 1.6 1.2 1.6 1.3 1.3 1.2 1.5
Monex 0.2 0.4 0.1 0.4 0.2 0.1 0.2 0.4
Vulcanized 30 Minutes at 153°C

300% Modulus, MN/m? 9.7 9.0 9.6 1.0 9.0 9.3 9.3 9.3
Tensile, MN/m? 18.4 16.6 22.8 22.3 15. 4 19.3 17.9  17.9
Elongation, % 480 460 540 520 420 500 480 480
Heat Buildup-Goodrich Flexometer*

AT,°C, Stand 35 35.6 37.8 35 35 35 3.4 34.4

AT,°C, Severe 37.2 339 47.2  33.3 34.5 36.7 45.6 33.3
Resilience, % 58 58 54 55 61 59 62 64
Shore A Hardness 61 61 61 60 63 60 59 60
Freeze point, °C -62 —_ -47 — -73 -64 -59 —

*Standard 0.99 MN/m?2, 4.45mm stroke, 38° C, oven. Severe 1,27 MN/m?, 4.45mm stroke, 100°C, oven

Table X Effect of cure temperature on Test II Test IV
soluticn copolymers. Test Kilometers 12,874 5,150
77/23 Butadiene/Styrene ~ —  — 89,375 — om/L,000 km, control .29 0.55
. Abrasion Index 94 100 90 10
85/15 Butadiene/Styrene 137.5 — — — .
SBR 1712 — 8.5 — 89.375 Shore A Hardness 62 62 66 66
Cis-4 1203 — 40 35 35 * Total from eight 6.35mm precutes (50.8mm total)

300% Modulus, MN/m?

Table XII Effect of test severity and season
30 minutes at 153°C  11.0 10.7 9.7 10.4

20 minutes at 160°C 9.9 10.1 9.0 9.6 60/40 60/40

10 minutes at 171°C 9.6 9.7 7.9 9.3 Butadiene 85/15 77,23 Copolyner SBR1712
Tensile, MN/m? Polybutadiene ~——  Solprene 255 Cis-4 1203

30 minutes at 163°C 19,7 19.0 19.3 19.4 Adrasion

20 minutes at 160°C 19.7 19.4 19.0 20.1 Summer, mm/1, 060 km

10 minutes at 171°C  19.0 20.0 19.4 20.6 0.17 108 103 100
Elongation, % ) 0.42 103 98 100

30 minutes at 153°C 460 460 500 460 Winter, mm/1, 000 km

20 minutes at 160°C 490 470 510 500 0.12 108 104 100

10 minutes at 171°C 490 550 580 530 0.22 111 107 100

* Curative system: sulfur 2.1, NOBS Special 1.2, Mon- 0.35 104 98 100

ex 0.1 on all, N 339 Black
Table XIII Effect of black type and tire

Table XI Effect of sulfur on tread wear construction

Butadiene/Styrene 85/15 85/15 75723 77,23 Abrasion Index

Sulfur, phr 1.5 2.1 1.5 2.1 Polymer 60/40 SBR1712/PBD 85/15 Copolymer
Test T Test I1I Black Type N330 N339 N330 N339

Test Kilometers 19,312 12,784 Bias 100 113 107 123

mm/1, 000 km, control 0.15 0.29 Bias-Belted 100 110 107 123

Abrasion Index 95 100 89 100 Radial 100 109 108 123

Crack Growth,* cm 41 33 33 36 Compression of Tire Construction

Shore A Hardness 65 65 63 63 mm/1, 000 km

HI0E £15 111



Tread Loss Abrasion Index

Bias 0.30 100
Bias-Belted 0.21 144
Radial 0.12 246

7. Skid 24 Traction
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i g skidsl & 22 peEstes AAdd o RE
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Table XV & o]e] 9] tread wear & traction o] 33t
data 2.4 65 :35¢] SBR polybutadiene 4% A K
sz gl 85:15¢ SEHEEY tread wear RE
2 modulus 7} s, W LI B A9 Fy 2
Byl traction & Z2Ho] we 87X &, BT of=%
EdAE 92%% #AeY. = BT L= F
B 40km o] He F skid k2 93%, BT ot=FEd]
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Table XIV Wet skid and traction indices

Butadiene/Styrene 85/15 77/23 SBR1712 77/23

Polybadiene — 40 40 —
Skid

Portland cement (polished) 97 97 100 108

Asphaltic Concrete 94 90 100 99

Static and Dynamic Traction
Portland Cement(polished) 94 91 100 99
Asphaltic Concrete 100 96 100 102
Lateral skid
Portland Cement(polished) 100 100 100 105

112

Table XV Factory tire tests

Factory A-whole tires.

Compound 65/35 85/15 Butadiene/Styrene
SBR/PBD Copolymer

300% Modulus, MN/m? 6.89 6.96 7.72(0.1 DPG)

Severity Abrasion Indices

0.43 mm/1, 000km 12, 784km 100 9 110

0.39 mm/1, 000km 19, 312km 100 108 —

0.29 mm/1, 000km 12, 874km 100 109 115

0.23 mm/1, 000km 30,577km (winter) 100 122 115
0.20 mm/1, 000km 24, 140km 1 100 110 109
Wet skid and Tractin Indidse

Traction on Concrete 100 37 85
Traction on Asphalt 100 92 94
Skid on Concrete* 100 93 94
Skid on Asphalt* 100 94 95
Factory B-retreaded sectional tires
Compound 65/35 85/15  Butadienz/Styrene
SBR/PBD Copolymer
Abrasion Indices
0.54—0.51 mm/1, 000km, 12,874km 100 107
0.53—0.45 mm/1, 000km, 12,874km 100 108

* 40km/hour
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