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Abstract . Effects of coating materials of steel cord, compounding ingredients, service history, and
aging methods on the adhesion between steel cord and rubber compound were investigated for four
different test tires, which were manufactured using the brass(Cu/Zn) coated steel cords, the ternary
alloy(Cu/Zn/Ni) coated steel cords, and the compounding rubbers with different amounts of sulfur
and cobalt salt respectively. The main effect and the mutual interaction of each factor were investiga-
ted by the analysis of variance for the test results. Initial adhesion was not affected by cure conditions.
However, the adhesion after aging was found to be affected clearly. Analysis of adhesion after tire
services or aging processes showed that good adhesion was obtained for the ternary alloy coated steel
cords, and the degradation rate of adhesion was increased by the compound containing cobalt salt.
Experimental data of adhesion for test tires were in accord with the results obtained using TCAT
test method.
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Table 1. Composition of Skim Compound Prepared for
Belt Composite

Component Content, phr*
Natural Rubber 100 -
Carbon Black 50
Suifur 5.0-6.0
Accelerator 0.6
Cobalt Salt{Manobond) 0.0-0.2
Zinc Oxide 5.0
Stearic Acid 1.0

Other Ingredients(antioxidant, softener,
antidegradant, resin etc.)

* parts per 100 parts of rubber
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Table 2. Peeling Strengths and Rubber Coverages of
Belt Composites™*

Cord  Tire Name Strl::;gltllr:“g, N COVR::;Z:%

B-cord B/R-I 93 65
B/R-I 100 65
Commercial® 97 75

T-cord T/R-1 110 75
T/R-IT 109 75

2 . This value indicates the force needed to peel belts
of 25.4 mm width.

. commercial truck/bus tire of Kumho.

: cure condition : 145C and 35 min.

Table 3. Plunger Test Results of Test Tires

Tire Name B/R-1 B/R-I T/R-1 T/R-I
Displacement, mm 187 191 177 191
Load, N 53800 53800 51200 54700
Energy, ] 5020 5160 4520 5230

Plunger A] &
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Table 4. Endurance Test Results of Test Tires

Cord B-cord T-cord

Tire Name B/R-I B/R-TI T/R-1  T/R-I

Running 71:56 74:20 70:23 70:49

Time,

hr : min

Failure 2-3 Belt 2-3 Belt 2-3 Belt Shoulder
Feature

Separation Separation Separation Burst
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Table 5. Peeling Strengths of Belt Composite of Test Tires
Unit : N
Adhesion Position® and Wear State®
Tire Aging Time, C-1# 1-2¢ 2-3 3-T
Name  Condition ~ Day 0%° 60%° 0% 60% 0% 60% 0%  60%
B/R-1  Initial 138 155 115 165 145 121 168 190
Thermal 2 152 157 110 117 122 138 162 168
Aging 4 93 104 97 70 128 122 141 119
(air) 8 86 79 89 70 91 67 99 78
Thermal 4 148 168 187 182 134 211 162 209
Aging 8 106 103 133 139 135 144 95 168
(N2) 16 111 82 113 133 105 116 90 89
B/R-I  Initial 154 126 195 103 166 141 279 168
Thermal 2 165 137 114 120 133 79 200 163
Aging 4 86 89 119 94 123 128 193 167
(air) 8 70 89 74 86 92 91 147 99
Thermal 4 123 93 157 124 181 135 191 249
Aging 8 97 91 120 72 120 138 116 98
(N2) 16 114 91 123 124 113 104 88 100
T/R-1  Initial 148 127 129 163 150 133 201 206
Thermal 2 164 145 122 156 109 151 174 178
Aging 4 115 125 125 140 95 111 139 143
(air) 8 143 97 94 107 106 92 137 100
Thermal 4 74 108 118 187 136 142 103 201
Aging 8 101 98 132 166 107 138 94 158
(Ny) 16 106 97 88 119 129 130 83 110
T/R-II Initial 161 123 135 162 139 137 190 205
Thermal 2 149 171 170 171 113 113 173 185
Aging 4 129 106 106 116 100 119 154 182
(air) 8 88 102 88 119 109 110 123 157
Thermal 4 85 162 115 199 133 183 165 179
Aging 8 101 111 106 120 110 98 106 106
(N2) 16 65 62 75 141 82 95 62 97

2. C-1: from carcass to 1 belt, 1-2 ; from 1 belt to 2 blet,
2-3; from 2 belt to 3 belt, 3-T ; from 3 belt to thread rubber

> 0% ; new tire, 60% ; 60% worn tire
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Table 6. Rubber Coverages of Steel Cords After Peeling from Belt Composite of Test Tires
Unit : %
Position® and State® of Tire
Tire Aging Time, C-1° 1-2° 2-3 3-T
Name  Condition ~ Day 0%°® 60%° 0% 60% 0%  60% 0%  60%
B/R-1  Initial 90 85 100 85 60 70 60 60
Thermal 2 95 100 70 70 60 85 80 95
Aging 4 100 100 60 60 75 75 80 80
(air) 8 100 100 60 65 60 85 100 95
Thermal 4 100 100 65 80 80 50 90 90
Aging 8 100 100 75 80 90 90 95 85
(Ny) 16 95 100 80 70 65 90 100 100
B/R-I  Initial 90 95 70 100 70 85 70 75
Thermal 2 100 100 85 75 75 80 70 85
Aging 4 100 100 60 70 60 80 100 70
(air) 8 100 100 85 85 60 75 100 100
Thermal 4 100 100 85 100 90 85 70 95
Aging 8 100 100 80 100 70 90 100 100
(N2) 16 100 100 80 75 80 85 100 100
T/R-1  Initial 100 100 100 85 80 85 95 100
Thermal 2 100 95 100 95 100 90 100 95
Aging 4 100 100 90 80 90 80 100 90
(air) 8 100 100 85 90 85 95 100 95
Thermal 4 100 100 100 85 95 95 100 95
Aging 8 100 100 95 85 100 90 100 100
(N,) 16 100 100 100 100 95 95 100 100
T/R-II  Initial 100 100 90 95 90 ] 100 90
Thermal 2 100 100 90 85 100 100 100 100
Aging 4 100 100 85 65 85 20 100 95
(air) 8 100 100 100 75 75 85 100 80
Thermal 4 100 100 100 85 95 90 100 100
Aging 8 100 100 100 100 95 100 100 100
(Ny) 16 100 100 100 85 100 90 100 100

a: C-1; from carcass to 1 belt, 1-2 ; from 1 belt to 2 blet,
2-3; from 2 belt to 3 belt, 3-T : from 3 belt to thread rubber
b1 0% ; new tire, 60% ; 60% worn tire

Table 7. Selected Factors for Variance Analysis of the
Adhesion Properties of Test Tires

Level
Factor 1 2
V . Coating Material B-cord T-cord
W . Rubber Compound 6.0/0.0*  5.0/0.2*
(S/Co salt)

X : Aging Atmosphere air nitrogen
Y : Tire State new 60% worn
Z : Position C-1, 2-3

1-2, or

3-T
* I phr
508
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Fig. 1. Response graphs of factors affecting the initial
peeling strength of belt composites of test tires : (V)
Coating material ; (V;) B-cord, (V) T-cord, (W)
Rubber compound ; (W,) NR-I rubber, (W,) NR-II
rubber, (Y) Tire wear ; (Y;) new, (Ys) 60% worn,
(Z) Peeling part 5 (Z,) C-1 part, (Z,) 1-2 part.
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Fig. 2. Response graphs of factors affecting the initial
peeling strength of belt composites of test tires : (V)
Coating material 5 (V,) B-cord, (V,) T-cord, (W)
Rubber compound ; (W;) NR-I rubber, (W;) NR-II
rubber, (Y) Tire wear ; (Y,) new, (Y;) 60% worn,
(Z) Peeling part 5 (A) (Z,) 1-2 part, (Z,) 2-3 part,
(B) (Zy) 3-T part, (Z,) 2-3 part.
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Fig. 3. Response graphs of factors affecting the pee-
ling strength of thermally aged belt composites of test
tires : (V) Coating material ; (V;) B-cord, (V) T-cord,
(W) Rubber compound : (W;) NR-I rubber, (W) NR-II
rubber, (X) Aging condition 3 (X)) in air, (X;) in nitro-
gen, (Y) Tire wear ; (Y,) new, (Y,) 60% worn, (Z) Pee-
ling part ; (Z,) C-1 part, (Z,) 1-2 part.
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Fig. 4. Response graphs of factors affecting the degra-
dation rate of adhesion evaluated by decrease of pee-
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dation rate of adhesion evaluated by decrease of pee-
ling strength with aging time : (V) Coating material ;
(Vy) B-cord, (V) T-cord, (W) Rubber compound :
(W,) NR-I rubber, (W,) NR-I rubber, (X) Aging co-
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