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Abstract: In this study, properties of adhesion between adhesion promoter-containing rubber compound and
zinc coated steel cord was investigated. Cobalt salt, resorcinol formaldehyde resin (RF resin) and hexamethox-
ymethylmelamine (HMMM) were used to adhesion promoter. Since cobalt salts accelerate sulphidation rate of
zinc at zinc coated steel cord surface, pullout force of rubber compound applying cobalt salts was increased
compared to that of rubber compound without applying cobalt salts. Pullout force and rubber coverage of rub-
ber compounds applying all adhesion promoters were superior because strong interlocking between rubber ma-
trix increased modulus due to applying RF resin and HMMM and grown zinc sulfides at zinc coated steel

cord surface.

Keywords: Adhesion, zinc coated steel cord, adhesion promoter
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Table 1. Experimental Formulation for Rubber Compounds
Ingredient A-0 A-1 C-0 C-1 C-2 C3 R-0 R-1 R-2 H-0 H-1 H-2
(phr)
NR (SPR #20) 100
Carbon Black (N-330) 50
ZnO 10
Stearic acid 1.5
Process Oil 8
Kuminox-13 1
Cobalt salt 0 2 0 1 2 3 2 2 2 2 2 2
RF resin 0 0 2 2 2 2 0 1 3 2 2 2
HMMM 0 0 35 35 35 35 35 35 35 0 2 5
SU-135 5.7
MOR 0.7
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Figure 1. Specimen for pullout test and morphological de-
formation in specimens for estimating the rubber coverage
after pullout test.
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Table 2. Cure and Viscoelastic Characteristics of the Rubber Compounds

Time (min) Torque (N * m) {8 COSi
Rubber compounds Mooney VISCSSIW'
t10 90 Min. Max. (MLi+4 100°C)
A-0 1.50 7.37 0.20 1.65 579
A-1 1.92 4.38 0.21 2.02 60.0
C-0 1.83 11.12 0.20 1.71 535
C-1 2.07 10.27 0.23 2.11 62.5
C-2 2.17 8.48 0.22 2.26 58.9
C-3 2.20 7.22 0.23 2.40 60.8
R-0 2.06 8.05 0.19 2.19 52.8
R-1 2.30 8.31 0.22 2.19 60.0
R-2 2.06 7.92 0.23 2.20 62.5
H-0 1.63 5.30 0.22 1.44 61.0
H-1 1.95 6.85 0.22 1.99 60.5
H-2 2.25 9.22 0.21 2.32 583
|
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Scheme 1. Reaction mechanisms of methylol group with
rubber molecules.
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Figure 2. Cure rate index of rubber compounds with con-
centrations of adhesion promoters.
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Table 3. Physical Properties of Vulcanized Rubber Compounds

48 15 compound£}e] HAEA AT

53

Rubber compounds Hardness Tensile strength Elongation Modulus
(Shore A) (MPa) (%, at break) (MPa, at 300%)
A-0 68 26.2 472.5 15.4
A-1 67 22.0 467.2 12.3
C-0 68 21.1 411.1 15.0
C-1 74 20.6 381.1 16.7
C-2 75 20.5 367.3 17.0
C-3 71 20.0 368.2 16.5
R-0 74 23.0 438.0 15.4
R-1 74 20.6 376.9 16.2
R-2 75 19.1 343.6 16.7
H-0 70 16.7 426.2 11.1
H-1 73 20.2 383.9 15.6
H-2 77 204 352.0 17.7
1 2l (24 P= pullout force®]™, E= 152 Young’s
] . modulus, & 2E3IE9 HWHHps ZE=9 Ed), A:
L AES BEA T2V oE uRS 2YRE Aol g
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o ol MEH modulus7h HobAE g BT - 3
Wl — ot HMMM #H7teo] Bold 4= modulus”} =04

o ] 35| 5]
Prognoter comcemiration {phiy

Figure 3. Modulus at 300% of rubber compounds with con-
centrations of adhesion promoters.
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Figure 4. Adhesion properties of rubber compounds with
concentrations of adhesion promoters.
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Figure 5. SEM image and EDX mapping images of the
failed zinc coated steel cord and C-3 rubber compound sur-
faces after pullout test; (a) SEM image, elemental mapping
image of (b) C (carbon), (¢) Zn (zinc), (d) S (sulfur).
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Figure 6. Adhesion properties of rubber compounds with dif-
ferent cobalt salt content; same RF resin (2 phr), HMMM
(3.5 phr) content.
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Figure 7. Adhesion properties of rubber compounds with
different RF-resin content; same cobalt salt (2 phr), HMMM
(3.5 phr) content.
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IF matrix®] AF(Tear)54HS F3}A|7]7] W&o

pullout force= 23|38 WolA= 2102 AHHTH14].

4. 2 E

2 dAFodA = wiFaFet ofd IH =
HAEARS Brietr] s wigaso] IEE 4,
resin, HMMM®] H7}&3& A3+t éfi.%{
HA7tEA g2 wiFaFoaAes ofd =ZH =
E”%ﬂ/“] old FIES AAZAIZIA EOP@] 197 N9

2 pullout forceE EH oW, ILE o] HIteE uj
SJ—T’—!?"%]H‘C IUE o] ol IE ~HIE W
oA otd FIE AHAES FXIAA pullout force”}
419 No.& F7lehe AS FRISHATE RF resin®] 3
ZbFel mE pullowt AEAFNAE ILUE G
HMMM?®] 7} 32 QI3 coverager R+ ®iFL
ol Al 100%= WEF O™, RF resin®] o] S/
TE H&ZYo] FolAe AS AT HMMMS
A7 ol wWE pullout AP 2= HMMMS] 3HaF
o] F7IETE HAFAHo] EolAE AL A om,
3.5 phr o]’ H7FE - pullout force= 23|18 Yo}
A= Aol A=A

FLE 4, RF resin 18] HMMMo| 25 7"
W35+ RF resin} HMMMO] HH?}I’_E—/] modulus
E SVHNA 23 EHA AT ofd F3tE
o] IF matrixol © 73t interlocking®] ©]F0A]7]
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o) Zol pullout force”} 1000 N ©]/F o2 UEFGT]H

ol I® AHIEE oo ¥l FIEE uE
of migtarFel Mol oH¥uy Iy oy, AAT
HHASAE Adgste] wigaFol 2-8stH H 2ol
Fde F des AT
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