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ABSTRACT : Mechanical properties and their adhesion behavior with zinc- and brass-plated steel cords
of natural rubber/acrylonitrile-butadiene blend compounds were investigated as a function of blend ratio.
The Mooney viscosity and stress relaxation time were found to be lowered with increasing NBR content.
Tensile modulus generally increased with increasing NBR content. Tensile stress at break stayed constant
up to about 40 phr and showed minimum at 50~60 phr, and thereafter increased with increasing NBR
content. Strain at break decreased linearly below 50 phr, and above the level it showed nearly constant
value. Based on the abrupt drops in elastic modulus and tand peak, the glass transition temperature of
NR and NBR were found to be -55 and -10°C, respectively. In the case of NR/NBR blend compounds,
two distinet transition points were observed and each transition position was not affected by NBR level
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indicating an incompatible nature of NR/NBR blend system. The pullout force and rubber coverage decreased
to the level of about 40% to that of pure NR compound, when the 50 phr of NR was replaced by NBR.
However, the pure NBR compound showed the comparable adhesion performance with NR(~90%). The

sulfur concentration was found to become lower with the increased NBR content at the adhesion interface

based on the Auger spectrometer results, representing a lack of adhesion layer formation, and this was

explained for a possible cause of low adhesion performance with adding NBR.

Keywords : natural rubber, acrylonitrile-butadiene rubber, mechanical property, adhesion.
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Natural Rubber/Acrylonitrile-Butadiene Rubber

Table 1. Compound Recipes

Ingredient Loading (phr)
Rubber (NR and NBR)" 100
Carbon Black (N326) 50
Silica (VN3) 15
ZnO 5.0
Stearic Acid 1.0
Antioxidant (RD) 2.0
Aromatic Oil 5.0
Manobond” 0.8
Bigs” 1.3
Cyrez9644) 3.0
Sulfur 4.0
DCBS” 0.9

"The blend ratio of NR to NBR was varied.
ICobalt boroacylate as a bonding promotor.
PResorcino! resin as a methylene accepter.
965%-hexamethoxy methylmelamine as a methylene
donor.

5)N-dicyclohexyl-2—benzothiazolesulfenamide as a cure
accelerator.
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Table 2. Mooney Viscosity, Stress Relaxation Time and Cure Characteristics of Various NR/NBR Blend Compounds

NR/NBR Blend Ratio (phr)

Properties
100/0 80/20 60/40 50/50 40/60 20/80 0/100
Mooney viscosity
ML;+s at 100TC 78 75 74 71 72 69 72
MLy at 125C 65 61 58 54 50 47 38
Stress Relaxation Time"
t; (msec) 115 72 53 65 67 43 40
t; (msec) 3385 2133 1614 1573 1370 645 443
Cure Rheometer at 160°C
Max. Torque, My (dN.m) 44 49 52 52 55 59 54
Min. Torque, M; (dN.m) 17 16 16 15 15 14 11
AM (My-M;) (dN.m) 27 33 36 37 40 45 43
6 7 8 10 14 17

fee (min) 7

Y% is time for the maximum applied torque to be

reduced to a level of 36.5%, and t; to be reduced to a level of

13.5%, which can obtained from DSR that is a torsional cone-cone type relaxometer, widely accpected in rubber

industry.
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Figure 1. Stress-strain curves for various NR/NBR
blend compounds.
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blend compounds as a function of temperature.
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Table 3. Adhesion Properties of Zinc-plated Steel
Cord with Various Rubber Compounds

Pullout Force (N) Rubber Coverage (%)

NR/NBR

Ratio Optimum Overl) Optimum Overl)
Cure Cure Cure Cure

100/0 390 390 75 80
90/10 354 336 75 75
80/20 252 242 60 65
60/40 177 192 10 10
50/50 157 161 0 0
0/100 355 313 70 70

YOvercured at 160°C for 120 minutes
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Figure 5. AES depth profiles of zinc-plated steel cords pulled-out from various NR/NBR blend compounds: (A)
NR/NBR= 100/0; (B) 90/10; (C) 80/20; (D) 60/40; (E) 50/50; and (F) 0/100. The rate and area of sputtering were
90A/min and 20X 20 umz, respectively.
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Table 4. Adhesion Properties of Brass-plated Steel
Cord with Various Rubber Compounds

Pullout Force (N)  Rubber Coverage (%)

NR/NBR
Ratio Optimum Over  Optimum Over
Cure Cure" Cure Cure"

100/0 603 644 85 100
90/10 608 615 80 75
80/20 342 343 65 60
60/40 307 252 45 30
50/50 321 253 40 30
0/100 587 551 90 85

YOvercured at 160°C for 120 minutes
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Table 5. Adhesion Properties of Zinc-plated Steel
Cord(Deliberately Oxidized for Three Weeks) with
Various Rubber Compounds

Pullout Force

NR/NBR Ratio Rubber Coverage

N ()
100/0 159 10
90/10 180 20
80/20 154 5
60/40 109 0
50/50 33 0
0/100 168 15
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Figure 6. AES depth profiles of zinc-plated steel cords:
(A) oxidized cord pulled-out from a natural rubber
compound and (B) virgin cord. The rate and area of
sputtering were 90 & /min and 20 X 20 m?, respectively.
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