Polymer (Korea) Vol. 15, No. 3, pp 297—310(1991)

o

7V3273 A EE-] WP nF-e BAIce] FH e
MAE 481 33 ARE0A 97

A OE-AAG RS QAR ANE B R

SEES

2 Foe shsteta - “ARgE - a3 vled 7
(19913 19 23 HF)

R
ju!l
=
=
Ol

Effects of Cure Conditions and Coating Materials
on Adhesion between Steel Cord and Rubber Compound :
1. Effects of Sulfur and Accelerator Contents

Gon Seo, Shinyoung Kaang*, Moonwoo Park**, Jaimoon Kim**, Minho Kim***, and Jaechang Moon"**
Dept. of Chemical Technology, * Dept. of Fine Chemical Engineering, ** Dept. of Polymer Engineering,
Chonnam National University, Kwangju 500-757, Korea
***Kumho Technical R & D Center, Kumho & Co., Inc., Kwangju 506-040, Korea
(Received January 23, 1991)

8 ok 83 g2 A #FE Seldte e 1579 5 (Cu/Zn) e 4AEE I (Cw/Zn/Ni)
o]l Y B ZAR= o HAL ZASIAT. 3 71 F A 3, AHA= AREH, k3
7b Habel mlX e S BAEAYE A EAA n@Ed. &3 R EAA FFo] 2T A AG
Ao Mgy Bce &3 73 el 27 6.0% 0.6 phrd wig RN HAGe 7}
53k 7HREAA 9} 3t Atolol s F3FEo) EAEN, MG XUA o] g 1T
oA B =3} Ao FEHAAD. Fo] HEE FHIA= v HHE $Fe] AE5E FH=
solA et g § PPl FdTh

Abstract . Adhesion between compounding rubber and steel cord coated with either Cu/Zn or Cu/
Zn/Ni alloy was investigated for varying amounts of sulfur and accelerator in the rubber compounds,
by the method of analysis of variance. Good adhesion was obtained for the compound containing 6.0
phr of sulfur and 0.6 phr of accelerator. In addition, aging in adhesion was accelerated with increas-
ing concentration of accelerator in the compound. The ternary alloy (Cu/Zn/Ni)-coated steel cords
showed better stability in adhesion during aging than the brass(Cu/Zn)-coated steel cords.
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Fig. 3. Variation of (A) 100% modulus and (B) tensile strength for NR rubber compounds with various amou-
nts of sulfur and accelerator.

Table 1. Pullout Forces of B- and T-Cords Embedded in Various NR Rubber Compounds after Conditioning

at Various Aging Methods (unit : MPa)
Rubber Compound B-Cord T-Cord
Content(phr) Unaged Thermal Hot Water Unaged Thermal Hot Water
Sulfur / Acc? (oY) Aged(C,) Aged(C,) (C» Aged(C,) Aged(C;)
4.0(A,)/04(By) 277 298 2.65 2.67 321 390
0.6(B2) 3.04 2.09 246 27 143 3.35
0.8(B3) 260 1.99 2.11 341 1.78 2.68
6.0(A;)/04(B)) 235 323 313 2.67 321 445
0.6(B,) 428 3.16 2.15 372 275 277
0.8(B3) 5.22 1.56 1.74 4.82 1.61 1.72
8.0(A;3)/04(By) 1.63 253 271 231 2.28 3.27
0.6(B>) 418 290 2.16 3.26 2.85 224
0.8(B3) 2.36 1.23 0.98 241 143 0.99
3 Accelerator

* A, B, and Cy denote levels of sulfur content, accelerator content, and aging methods respectively.
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Fig. 4. Variation of (A) 100% modulus and (B) tensile strength for thermally aged NR rubber compounds with

various amounts of sulfur and accelerator.
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Fig. 5. Variation of pullout force of (A) B-cord and (B) T-cord embedded in NR rubber compounds with va-
rious amounts of accelerator and aging conditions. (Sulfur amount fixed : 6.0 phr)

Table 2. Rubber Coverages after Failure on B- and T-Cords Embedded in Various NR Rubber Compounds

after Conditioning at Various Aging Methods (unit © %)
Rubber Compound B-Cord T-Cord
Content(phr) Unaged Thermal Hot Water Unaged Thermal Hot Water
Sulfur / Acc? (C» Aged(C,) Aged(Cy) (Cy) Aged(C») Aged(C,)
4.0(A;)/04(By) 30 30 30 40 40 20
0.6(B;) 50 50 50 60 50 100
0.8(B3) 60 60 50 50 70 100
6.0(A2)/0.4(B)) 20 20 20 20 20 20
0.6(B>) 40 100 40 50 100 100
0.8(B;) 100 60 60 90 50 70
8.0(A;)/04(B,) 20 20 10 30 40 30
0.6(B,) 100 100 30 100 100 70
0.8(B,) 90 50 0 90 20 0
* Accelerator

7H8 &4 $reko] Ao wig LT [NR(A,, B)). NR By). NR(A;, By)lellAle @58t ¥ pullout fo-
(A;. By). NR(A;, B)JolA EFies} F v]52817] rce7t wtopzch, g3t 7HEEA Fapo] e ¥
u ok ARk T1ev &3 7S ggol v NME Aest F AAFert S, o] A
& ¥ [NR(A; By, NR(A, Bj)., NR(A;, T-moA stk 22y &3 71@E04 ¢
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Fig. 6. Variation of rubber coverage of (A) B-cord and (B) T-cord embedded in NR rubber compounds with
various amounts of accelerator and aging conditions. (Sulfur amounts fixed : 4.0 phr)
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Fig. 7. Response graphs of factors affecting on pullout force of B-cord embedded in NR rubber compounds : (A)
sulfur amount(phr) ; (A;) 40, (A2 60, (A;) 80, (B) accelerator amount(phr) ; (B)) 04, (B,) 06,
(Bs) 0.8, (C) aging condition : (C;) unaged, (C;) thermal, (Cs) hot water.
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Fig. 8. Response graphs of factors affecting on rubber coverage of B-cord embedded in NR rubber compounds :

(A) sulfur amount(phr) :

(A) 40, (A) 60, (A) 80,

(B) accelerator amount(phr) ; (B;) 04,

(B,) 0.6, (Bs) 0.8, (C) aging condition ; (C,) unaged, (C,) thermal, (C;) hot water.
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Fig. 9. Response graphs of factors affecting on pullout force of T-cord embedded in NR rubber compounds : (A)
sulfur amount(phr) : (A)) 40, (A;) 60, (A;) 80, (B) accelerator amount(phr): (B, 04, (B:) 06,
(B,) 0.8, (C) aging condition ; (C,) unaged, (C;) thermal, (Cs) hot water.
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Fig. 10. Response graphs of factors affecting on rubber coverage of T-cord embedded in NR rubber compou-
nds ! (A) sulfur amount(phr) ; (A;) 4.0, (A) 60, (A;) 80, (B) accelerator amount(phr) : (B 04,
(By) 0.6, (By) 0.8, (C) aging condition : (C,) unaged, (C;) thermal, (C;) hot water.
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Table 3. F, Values Determined from Analysis of Variance for Data of Pullout Forces and Rubber Covera-

ges
F, F(a)
Source Pullout Force Rubber Coverage F F
B-Cord T-Cord B-Cord T-Cord (0.10) (0.05)
A(Sulfur) 28 39 0.3 0.1 3.1 4.46
B(Acc.?) 3.2 44 190 13.7 3.11 4.46
C(Aging) 5.6 4.8 7.0 0.1 311 4.46
AXB 1.2 11 25 1.8 2.81 384
AXC 08 1.3 28 19 281 3.84
BxC 43 6.0 30 08 2.81 3.84

* . Accelerator
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