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                                                       ABSTRACT

To challenge Michelin’s Green tire, a new tire tread formulation was developed by means of silanized pre-treated silica nanofiller. The silica    surfaces  were   pre-treated   with bis[3-triethoxysilylpropyl]tetrasulfane (TESPT) to    chemically   bond   silica to  rubber. With employment of a new novel mixing technique, several SBR/BR (75/25 by mass ratio) blends with different mixing times and  mixing temperatures were prepared and cured. Interphase characteristics ( it’s amount and distribution of rubbers in interphase) of all blends along with a wide range of physical and dynamic properties were measured.
 It emerged that with 50%  less filler and 44% less curing chemicals consumption, new developed treads showed absolutely better physical and dynamic properties comparing with Michelin’s Green tire.
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INTRODUCTION
Reaching to a compromise between the edges of magic triangle in tire tread compounding which are wearing, rolling resistance and wet or ice grip, is a continuous concern for tire tread designers. With invention of Michelin’s Green tire in 1992[1], they claimed this new tire which is the result of substitution of carbon black with silica in tread recipe, has lower rolling resistance (less fuel consumption) comparing with conventional carbon black filled treads without sacrificing wearing and grip properties of tire. 
On the other hand chemical additives like zinc oxide are another concern for tire industry as environment contaminated materials and their reduction in tire tread recipe is a must [2]. The latter  was done by authors for NR based (truck) treads successfully[3]. Uniform dispersion of filler in rubber matrix is key factor for mechanical and dynamic properties assessment of compound. Unfortunately, due to surface of silica is polar and most of rubbers used in tire tread compounding aren’t polar, it’s dispersion without using a suitable coupling agent and even with a liquid one, is difficult. In this study, Michelin’s Green tire tread was challenged through compounds with the same rubber base but with different shape of filler ( silanized pre-treated silica nanofiller instead of silica plus liquid silane ) and with the help of a new novel mixing technique. 
EXPERIMENTAL
Materials
The used raw rubbers were cis-butadiene rubber, BUNA CB 24 and styrene–butadiene co-polymer, SBR-1712.

The reinforcing filler was Coupsil 8113, Degussa Ltd., Hanau-Germany. Coupsil 8113 is precipitated amorphous white silica, type Ultrasil VN3, the surfaces of which had been pre-treated with TESPT. It has 11.3% by weight TESPT, 2.5% by weight sulfur (included in TESPT), 175 m2/g surface area, and a 20–54 nm particle size.
Dynamic and mechanical properties measurement
Glass transition temperature (Tg ((C)) of raw rubbers along with interphase characteristics of blends were measured by modulated temperature differential scanning calorimetry (MTDSC) technique[4]. tan 
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 was measured in a dynamic mechanical thermal analyzer (DMA-800). TA-analysis software was used to store and analyze the data. Mooney viscosity, cure properties (ODR) and bound rubber were measured in accordance with conventional methods.
Mixing and curing
The compounds were prepared in a Haake Rheocord 90 (Berlin, Germany), a small laboratory mixer with counter-rotating rotors. First, individual rubbers were prepared with optimum amount of accelerator and activator (Table I)[5-6]. From these two harmonized individual rubbers (ODR optimum cure time,
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 of both was 49.3 min at 140
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), three blends were prepared (Table II). Subsequently blends cured in in an electrical press with 12 MPa pressure at 140 
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and correspondent optimum cure time, 
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of each blend (Table II).
RESULTS AND DISCUSSION
 Table II summarizes interphase characteristics (interphase amount and distribution of rubbers in interphase) of  all blends. Interphase amount of raw blends (without filler) and filled blends which were prepared with conventional mixing technique (SBR+BR+filler in one stage) was measured as 20%-40%[4]. Interestingly it was observed with employment of new mixing technique, this parameter increased  to 62%-86% (Table II) which definitely was effective on mechanical and dynamic properties of these blends comparing with Michelin’s Green tire blend which was made by conventional mixing method[7].Table III & IV represent Michelin’s Green tire recipe and compares ODR and physical properties of this tire tread with those of developed blends respectively. Reduction of optimum cure time from 21.3 min (for Green tire) to 8.32 min (for blend 5) is superior. In addition with 50% and 44% less filler loading and curing chemicals, new developed blends showed absolutely better mechanical  properties. It seemed rolling resistance (
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) of all filled rubbers were more or less the same but wet grip (
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) of developed blends were better.   
CONCLUSIONS

Substitution of silica plus liquid silane with  silanized pre-treated silica nanofiller along with employment of new mixing technique were effective on tire tread properties. Besides it was helpful for environment protection through reduction of curing chemicals. 
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                                                                                                                                                                                Table II 
  Table  I

        Individual filled rubbers recipe before blending                                                 ODR results and interphase characteristics  of blends
	Compound No.
	     1
	    2

	BR (phr)

SBR (phr)

Silanized Si(phr)(Si+ TESPT)
TBBS (phr)

Santoflex 13 (phr)

Enterfex 74 (phr)

ZnO (phr)

Elemental Sulfur (phr)
	100

----

60 (53.2+6.8)
7.5

1

----

----

0.3
	----

100

60(53.2+6.8)
3

1

5

0.5

----

	Compound No.
	3
	4
	5

	Compound No.1 content (phr)

Compound No.2 content (phr)

Blend time (min.)

Blend temperature (
[image: image10.wmf]C

°

)


[image: image11.wmf]1

s

t

 (min.)
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 (min.)

CRI (1/min.)

 
[image: image13.wmf]Torque

D

 ( dN.M)

 % Interphase 

% BR in interphase 

Mooney viscosity

Bound rubber (%)
	25

75

1

34-54

9.42

34.52

3.98

69.85

62

38.5

107.85

69.5
	25

75

7

90-105

9.54

43.02

2.99

72.8

86

27

95.6

73.1
	25

75

20

80-94

9.01

45.01

2.78

72.21

81

27

77.5

73.3


Table III
                  Michelin’s Green tire tread recipe[7]
	 SBR  BR  Silica  Coupling agent  Accelerator  Activator  Elemental S       

	   75    25     80           6.4                    3                     5              2


                                                                           Table IV
 ODR and key mechanical and dynamic properties comparison of Michelin’s Green tire with those of developed blends
	Blend no.                                                          3                         4                        5                Michelin’s Green tire tread 

	Optimum cure time(
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(min)      -----                     ----                   8.32                        21.3
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(dN.M)                                          -----                    -----                   72.21                      22.9
Filler loaded ratio                                              1                          1                       1                           1.50
Total curing chemicals ratio                              1                          1                       1                           1.44 
Tensile strength (MPa)                                     23                        26                     25                           16

Elongation at break (%)                                    755                     869                   865                          310

Modulus at 100%                                               2.5                     2.13                  2.57                          4.0
Tear strength (N/mm)                                        64                       98                    107                            60
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