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INTRODUCTION


In automotive tires, steel cords have been used as reinforcing material for quite some time. The performance of tires is, to a large extent, dependent on the strength and durability of this bond. One of the major adhesives used in the tire industry is the brass-plated steel cord. The cords are plated with 200 nm brass which bonds the cords to the rubber of the tire during its vulcanization. Brass plating on the steel cord reacts with sulfur in the rubber compound during the curing process of tire manufacturing, forming an adhesion interphase between the rubber compound and the steel cord1. Therefore, the adhesion interphase with sufficient thickness and stable structure is essential for a good adhesion 2, 3, 4. In an attempt to obtain information about adhesion interphase, a depth profile has been measured by a surface analysis technique using X-ray photoelectron spectroscopy (XPS) and Auger electron spectroscopy (AES)5.

  The chemical, mechanical, adhesive and corrosion inhibiting properties of the sulfide film is dependent on mainly two parameters (cord parameter and compound recipe of the rubber compound). The proper physical properties of rubber compound are essential for a good adhesion property to cord. The crosslinking density of rubber compound greatly affects the physical properties. In the rubber compound with low crosslinking density, sulfur, the pricipal reactant of the adhesion layer formation, is easily diffused into adhesion layer. Therefore, the excessive adhesion interphase is formed. The stearic acid in rubber compound play a major role of forming the effective crosslinking density together with ZnO powder. Stearic acid has been used as activator together with ZnO power in rubber compound. Activators are ingredients used to activate the accelerator and improve its effectiveness. A cure system consisting of sulfur and organic accelerators usually requires the presence of an adequate amount of zinc oxide and stearic acid to attain good crosslinking efficiency. In addition to increasing the rate of cure, use of these ingredients leads to a better physical properties in the vulcanizate. For this reason, zinc oxide and stearic acid are used in practically all rubber compounds. In adhesion rubber compound, stearic acid in rubber compound may react not only ZnO powder used as activator in rubber compound but also ZnO layer on the surface of steel cord. In so far, the influence of stearic acid in rubber compound on the adhesion property in conjunction with adhesion interphase has not been reported. The aim of this study is to show how stearic acid acts in adhesion characteristics . The effect of stearic acid on the adhesion property between rubber compound and brass-plated steel cord was examined based on the zinc concentrations of the adhesion interphase from the depth profile of the surface of pulled out steel cord. Influences of the aging as well as the extent of cure on the adhesion property of stearic acid-contained rubber compounds were also carefully observed. 

EXPERIMENTAL

Five rubber compounds with different amounts of stearic acid were prepared. The basic formulation was:

Masterbatch components were as follows.

    
- natural rubber (Lee Rubber Co., Malaysia, SMR 20) 80 phr, 

- carbon black N330 (Lucky Co., South Korea) 55 phr, 


- aromatic processing oil (Michang Co., South Korea, A#2) 5 phr, 

    
- zinc oxide (Hanil Co., South Korea) 10 phr, 

    
- antioxidant (Monsanto Co., Kumanox-13, U.S.A., 

      N-(1,3-dimethylbutyl), N-phenyl-p-phenylenediamine) 1 phr, 

Final mixing components were as follows.

    
- masterbatched rubber compound 100 phr,

    
- stearic acid (Pyungwha Co., South Korea) variable, 

    
- accelerator (Monsanto Co., U.S.A., Santocure MOR, 2-(morpholinothio)    

      thiobenzothiazole) 0.7 phr, 

    
- insoluble sulfur (Akzo Co., Netherland, Crystex HS OT 20) 5.0 phr.

Loading amount of stearic acid was varied from 0 to 10 phr.


Rubber compounds were mixed as in ASTM D3184-80. Mixing was carried out in two stages using an internal mixer (Farrel Co., Banbury Mixer model 82) with capacity of 1.2 kg of batch weight. All the masterbatch components were mixed for 10 min at the rotor speed of 40 rpm and dumped at 150 oC. After the masterbatched compound was cooled to room temperature, the final mixing components were added and mixed for 5 min at the rotor speed of 30 rpm and dumped at 90 oC. After dumping, the batches were sheeted out using an two roll mill (Farrel Co., model MKIII)


Rheocurves of prepared rubber compounds were recorded on a Monsanto Rheometer 100 at 160 oC. T90 time and maximum torque were obtained from rheocurves. Mooney viscosity values were measured according to ASTM D-1646 using the Monsanto MV-2000 machine. Tensile properties were determined by an tensile tester (Instron model 6021) according to ASTM D-412.


T-test adhesion samples were prepared according to ASTM D2229 and were cured at 160 oC for T90  plus 5 min using a cure press (Osaka Jack Co. Ltd.). The brass-plated steel cord (4 x 0.28) manufactured by the Hyosung T&C Co. was used. The plating weight of the brass on the steel cord was 3.6 g/kg and the copper content of the brass was 63.6%.The adhesion samples were placed in a humidity chamber for 5, 10, and 15 days under the condition of 85 oC and 85% relative humidity. Also, the adhesion samples were aged thermally at 90 oC. Pullout force was determined as the maximum force exerted by the tensile tester (Instron model 6021) on the T-test sample during the pullout test, with 10 mm/min of crosshead speed. Analyses of intact adhesion layers were carried out using brass on glass adhesion samples. The depth profiles from the outer brass surface to the bulk of rubber were recorded on a Auger electron spectrometer (Perkin-Elmer Phi 670). Also, depth profiles for the surface of pulled out steel cord, whose adhered rubber was removed by solvent swelling, were measured to comprehend the influence of Zn concentration at the adhesion interphase on the loading levels of stearic acid.

RESULTS AND DISCUSSION

Upon loading stearic acid into rubber compound, T90 time decreased. In rubber compound loaded stearic acid, T90 time increased with increasing the loading amount of stearic acid. T2 time of rubber compound shortens slightly with increasing the loading amount of stearic acid. Therefore the cure rate index (CRI), calculated from T90 and T2 values, decreased with an increase in stearic acid loading except in stearic acid - free rubber compound. Minimum torque decreased with an increase in stearic acid loading whereas maximum torque increased with an increase in stearic acid loading except in high loading as much as 10 phr. The mechanical crosslinking density, which can be calculated from the difference between maximum and minimum torque, increases with increasing stearic acid loading up to 5 phr. Further increase in stearic acid leads to decrease on crosslinking density. 

  Hardness of unaged vulcanizate increased with stearic acid loading up to 5 phr. Further increase in stearic acid loading results in the decrease of hardness. Likely to hardness, 50% modulus increased with increasing stearic acid loading up to 5 phr. Further increase in stearic acid loading, 50% modulus decreased. 300% modulus increased with increase in stearic acid loading. Upon loading stearic acid as much as 1.5 phr, tensile strength and ultimate elongation of vulcanizate remarkably increase. Further increase in stearic acid loading, tensile strength and elongation decrease slightly. The change of the physical property of thermally aged vulcanizate is similar to that of unaged vulcanizate. Compared to the unaged vulcanizate, modulus increased but tensile strength and ultimate elongation decrease upon aging thermally

There were slight increases in the pullout force with stearic acid loading up to 3 phr before aging (Table 1). But further increase in stearic acid loading leads to the decrease in pullout force. Compared to adhesion sample with stearic acid free, adhesion sample containing stearic acid loading of 10 phr appears to lower pullout force. Rubber coverage shows the same trend as the pullout force. Rubber coverage was constant no more change from 0 phr to 3 phr. However it considerably decreased when stearic acid loading is more than 3 phr. The rubber coverage of adhesion sample containing stearic acid loading of 10 phr appears to be poor. 

The improvement of adhesion property by the addition of small amounts of stearic acid may be partly attribute to the enhancing the physical property of vulcanizate and the facilitating the formation of adhesion layer. Especially, a portion of stearic acid in rubber compound affects the cross linking density resulted in the improving physical properties of vulcanizate. Another portion of stearic acid, which does not react with ZnO powder in rubber compound, reacts with the ZnO layer at the cord surface and depletes the ZnO layer during curing and aging treatment. The optimum thickness of the zinc oxide layer contributes to the adhesion stability, especially in promoting the stability of copper and zinc which in turn results in the suppression of the excessive growth of copper sulfide. The optimum thickness of ZnO layer, which is controls by the optimum loading of stearic acid in rubber compound, depends primarily on the structure and thickness of adhesion interphase. The thinner ZnO layer, the more adhesion layer. In the adhesion samples with high loading of stearic acid, only a little stearic acid reacts with ZnO powder in rubber compound. Most of stearic acid loaded plays a major role in scavenger of ZnO layer at cord surface. Therefore, the brittle adhesion phase, which is resulted from insufficient barrier (ZnO layer) of copper ion into adhesion layer, is formed. The excessive growth of adhesion layer is easy to fragile. Due to the severe dezincfication in adhesion samples with high loading of stearic acid, the zinc does not detect until the sputtering time of 6 min. With increasing stearic acid loading, the sputtering time of Zn detection delays.

  Humidity aging deteriorated adhesion properties. With an increase in aging time, pullout force decreased. After aging for 15 days, pullout force decreases with stearic acid. Rubber coverage of stearic acid loaded rubber compound up to 3 phr is constant whereas further increase in stearic acid loading leads to the decrease rubber coverage after humidity aging. With increasing humidity aging time, rubber coverage became poor on the rubber compound with a high level of stearic acid loading. In the rubber compound loaded stearic acid of 10 phr, rubber coverage increases nearly four times with humidity aging time up to 5 day. Further aging time results in the decrease in the rubber coverage. After the humidity aging of 15 day, the rubber coverage of he rubber compound loaded stearic acid of 10 phr is two times as amounts as that before aging. The adverse contribution of stearic acid on rubber coverage was more significant with an increase in the amount of stearic acid and aging time.

  The pullout force of thermally aged adhesion sample increases slightly with stearic acid loading up to 1. 5 phr. Above 1.5 phr of stearic acid loading, pullout force decreases with increasing stearic acid loading. After the thermal aging of 15 day, pullout force decreases with increasing stearic acid loading from 0 phr to 10 phr. Rubber coverage of the thermally aged sample decreases with aging time. Rubber coverage was constant in the stearic acid loading range from 0 to 1.5 phr. Above the stearic acid loading of 1.5 phr, rubber coverage decreased linearly by the addition of stearic acid. This poor rubber coverage of the high stearic acid loaded adhesion sample suggests that the adhesive failure of adhesion layer instead of cohesive failure of the rubber layer occurred dominantly, indicating the adhesion interphase became relatively unstable compared to the rubber layer with thermal aging. 

  The contributions of stearic acid loading on the adhesion properties can be summarized as : 1) The enhancement in adhesion properties was significant at a low loading level below 1.5 phr, 2) The pullout force and rubber coverage declined for the aged samples with high loading of stearic acid such as 5 and 10 phr, 3) Severe degradation of adhesion induced by stearic acid was observed after aging treatment at high loading. This summary suggests that the contribution of stearic acid loading to a good direction for the adhesion is significant at low loading.

Stearic acid affects greatly the formation of crosslinking density of rubber compound. The absence of stearic acid in rubber compound leads to the poor crosslinking density. Therefore, the sulfur diffusion into adhesion layer does not control effectively. As a result, excessive adhesion interphase forms. The affluence of stearic acid in rubber compound resulted in the occurrence of severe dezincfication. Due to severe dezincfication, the activity of copper diffusion becomes larger. Therefore, excessive adhesion interphasse deforms.

REFERENCES

1. W. J. van Ooij, Rubber Chem. Technol., 51, 52 (1978).

2. G. Seo, J. Adhesion Sci. Technol., 11, 1433 (1997).

3. G. S. Jeon, M. H. Han and G. Seo, J. Adhesion Sci. Technol., in press.

4. G. S. Jeon, M. H. Han and G. Seo, J. Adhesion, in press.

5. 
G. G.Kurbatov, V. G. Beshenkov, and V. I. Zaporozchenko Surf. Interface Anal., 17, 779 (1991).

Table 1. Pullout force and rubber coverage of adhesion samples with stearic acid loading.


Stearic acid          Pullout force (N)                   Rubber coverage (%)

Loading (phr)  Unaged  Thermal1)  Humid2)  Salt3)  Unaged  Thermal  Humid   Salt



0
632
346
502
362
100
100
100
65


1.5
643
289
503
74
100
100
100
0


3
652
293
482
146
100
95
100
5


5
624
247
453
165
90
85
95
5


10
452
219
407
238
20
25
45
10


1) The adhesion samples were thermally aged for 15 days at 90 oC

2) The adhesion samples were humidly aged for 15 days at 85 oC and 85% R.H..

3) The adhesion samples were salt aged in 15% NaCl solution for 5 days at 25 oC

