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Abstract : Effects of cure temperature and cure time were investigated for the adhesion between
compounding rubber and brass(Cu/Zn) coated steel cord or ternary alloy(Cu/Zn/Ni) coated steel cord
by using the method of analysis of variance, Furthermore, the effect of aging on the adhesion was
also undertaken. The cure temperature and cure time contribute to not only forming adhesive layer
but also sulfur-crosslinking rubber block. However, it was found that both overcure and undercure
states resulted in poor adhesion. Rubber coverage on the surface of the steel cord after failure was
strongly affected by the cure temperature and the cure time. However, pullout force was not directly
affected by the factors. The ternary alloy coated steel cord showed better stability for aging process

than the brass coated steel cord.

Ee2|of A15¢ A4z 19919 84 383



A 8

Elojoig] 7|AF HAFE A AdsEe FHas
. 7Hg-F g 33 whgdte] HAEHE
£ 34 BH0 F5& fEAA AR Gz
=9} 19 HEGeE Eoloje £ FP A
F83u 2 ol yig d7E L3k

$2 Elojole] J1BF AT &= 7] i,

zto] YA kesle 7Mool Tt &3 v
L&A T 1T uiFEA B ol 29}
7} A1zl wet gz

74arg-5 A4Sk o] AFE A o]F A7
R7tso) gttt A4S AF stugds 4%
o}, HEAoZ 7HE = o] B&E A %o,
V57t FolAW 7hgukgo] =, 7HEA|
Ito] HojAH 713w} golxich, 12y 7He
27 UF 2ol AkAhy Q&4 93 nFEA
Al& A (chain scissions) & o] £35o], 7}3&
=7} 331 7F8AIgte] oA nR-E o] xE|o
v, wjgniel FHase HAaw vhEkg
Zof o]F0ix)7] Wi, 7}3hkg-o HAsE= A#
= HE g4 ¥ olJa}t FEe kdldx 4TS 1|
Ak 7HEe =7t ¥ 3 7HA o] HolA HEFol
H3HA A H HAEo] gA F4A(brittle) +
oy, 7HATIE AUA FHI= £l e
gt el Bert golAd LFHEA 7 Rl
o}, webx st e s} 7HEA ke HE A F
Aol F83F A&7 Bt

7hghats-Sol A48 HAEY Ao ot "
o] =3} AT 2}, HHEFHOZ AL EHI YU
2% (Cu/Zn)o] FEE ZFHI=(B-ZE) Hl3)
A48 FF(Cu/Zn/Ni)o] HEE ZAHI=(T-=
=)= H3 =3l gt YA ol Sttt gl A
Ak HEE Aol GEAH P23 YA A
Ag gRlag, 7189 713 Tto] &l 1]
e 9L A3z fBEH0 gt HES &
I8t ok

ol dF& B-2E ¥ T-Z=9) ik a-2] 3ol

384

g &3 7HEEAA g 98 UE g =
Bof ojo], 71eE} 71 AIZIe] Hio) uXE
BHE A Aotk FA 279} k34X F
A E RANSIY 7132 el 7HaRAIzbe] Hite)
BT gl nAe &S HESD, HEEQ

£ 43 A9 AolE nFs|h. 4 2}l o)
g AAEAQA Aol AR MY F& gEA U7
d£d),? 2+ Qe G Hotar] AF AP
At BAEAE T8 A Fae} Az
23AEL HEY = Y= AP PN 718
x99} 7h3AIR e FEFE ZABIAC.

4 3

A2E

B-s= 2% Trefil Arbed KoreadlA #|Z3 E
2]-u A~ #rly glo]ojol] AME-EE= 3X (0.2 mm)
+6X(0.38mm) FZ2)° &Fo] HEY FHIA=E
ALt HREFY] 2A4L T 65.3%, ofd
34.7%0l9, HEFE 7 1kgd 3.86gelth T-
Fc = Belgium Bekaertoll M A|=23 e 729
Izeg Algsqn. fBEde 4L T
64.0%, o}d 33.1%. UH 2.9%0]8], HEFL
744 1kgd 3.71golt).

LR

7he ot 718AIzte) AFES A 938
HAEe H433 T Fsdch 49 =%
o 4% g3} 71gEA) o] 22 6.0 phrt 0.6
phrl vRgt ol A 2t 2719 =3t §F o] ¢
Fatgomz, FARF(100 phr), 3(6.0phr), 7+
& 7%)(0.6 phr), Atsto}sd(6.0phr), 2Ho}d
2H0.5 phr) 2 wigHe A|HE WS FHBA
o}.

HA %= Lee Rubber Co. 8] SMR-GP 58&
Abgstgow, e 2484 3(Stauffer Co.), 7}
Z274) 2+ benzothiazole(Monsanto Co.), 4t3}o}
QAL Y FA3A}, 2ga Aol HBFA
Az AFREYry, nPujEe ASTM(American

5

o,

Polymer (Korea) Vol. 15, No. 4, August 1991



ZAz=SL WignT o M

Society for Testing and Materials) D3184-80 4}
o &3t 70+5CZ 9 <EE open millo|X HAW
H2E 287 2H(mastication) & F, Aol
Y oAl 127 eiEich. 2§ Asjeld, 7+
2204 2 g8 ¥ 687 EFsyh

A% P :33%

ASTM D2229-73 wioz ZXHacel 1EE
TCAT(Tire Cord Adhesion Test)!® S=of 4}¢)3t
F 718 T 2(3d FAYADE 0] 83t 14 MPa
AN HANFANAY. e e 742 135, 145,
155CE, 7H3A17He Zbz} 35, 45, 558 0.2 ulto)
olF 7HA WA 7IFAFAY HEEE AR
D,Z #A3lo, 135CE Dy, 145CE D, 155CE D2
eI H, 7F3AEE 17 E2 Ate, 35%
& E;, 4582 E,, 5582 E;2 Jehlifich. H&

(A) 100% Modulus

7HEA A B2 7326l wgk NR(D, Epoz
®r189th o9& E9. NR(D,, E;) AJH& 145C
o 4] 558 HEA/IEAIA Az AJEL $3ith, 1
HE248 FAIE] 8ty ZHRET SR &
2 ANEE Ze 7pgzdeA Fulskyh

Hzto] k3lEle ARE vusly] Y3ty ¢ =F
78 e W o 2 d(thermal) 2 "4=(hot water)
=3 A ARG E 2AIE Y =8} whge Ut
G2 A3tq, C2 7] 3, Ce 9x3 ¥, (4
© 43t ¥ JeE Jehdoh

Wt yel 24 A3 AR4d 7}

AFEARL iR 7H85(rheocurve) 7
JAFEACERE, A ZHZ=9 pullout
forces} 1F BAYT- I BE Prislg o, o5
oo =2 714 wo g 2439t

150 Curs temp. © 136C 150 145 150+ 155C
2 1004 1004 1004
% 0\0-_0
£
X 504 50+ 50-
=]
n 1 4 T T 0 T L 4 | U T T T
35 45 55 35 45 55 35 45 55
Cure time (min)
(B) Tensile strength
3.09 Cure temp. : 135¢ 3077 145C 3'01 155C

S

2

2 o\o____@

2 151 1.5+ 1.5+

e

2

2

= o/O\Q
0 L { 0 | T 1 0 T T T

35 45 55 35 45 55 35 45 55

Cure time (min)

Fig. 1. Variation of (A) 100% modulus and (B) tensile strength for NR rubber compound with various cure

times and cure temperatures.
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Fig. 3. Variation of (A) 100% modulus and (B) tensile strength after thermal aging for NR rubber compound
with various cure times and cure temperatures : Aging condition ; 7 days at 90°C.

Table 1. Pullout Forces of B- and T-Cords Embedded in NR Rubber Compound, Cured at Various Condi-

tions, and Conditioned at Various Aging Methods (unit : MPa)
Cure Condition B-Cord T-Cord
Temp Time Unaged Thermal Hot Water Unaged Thermal Hot Water
() (min) (o) Aged(C,)  Aged(Cj) (C) Aged(C,)  Aged(Cy)
135(D)) 35(ED) 2.39 3.05 3.72 2.23 329 3.61
45(E») 3.76 2.52 347 266 313 3.03
55(E3) 4.28 2.85 3.87 3.77 2.87 333
145(Dy) 35(Ep 2.70 2.65 392 3.16 311 346
45(E,) 2.51 2.65 392 3.16 3.35 3.37
55(E3) 244 2.69 3.80 224 332 352
155(Ds) 35(E)) 320 2.86 3.59 2.56 3.79 3.32
45(E>) 322 2.31 3.07 3.08 3.14 2.86
55(E3) 3.15 2.29 240 290 296 245
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Fig. 4. Variation of (A) 100% modulus and (B) tensile strength after hot water aging for NR rubber
compound with various cure times and cure temperatures : Aging condition : 7 days in hot water of 90C.

Table 2. Rubber Coverages After Failure on B- and T-Cords Embedded in NR Rubber Compound, Cured
at Various Conditions, and Conditioned at Various Aging Methods

unit © %
Cure Condition B-Cord T-Cord
Temp Time Unaged Thermal Hot Water Unaged Thermal Hot Water
() (min) (Cy Aged(C;)  Aged(Cy) (C) Aged(C,)  Aged(Cy)
135(Dy) 35(Ey) 20 90 20 20 90 100
45(E,) 90 90 20 80 90 100
55(Es) 100 100 30 90 100 100
145(Dy,) 35(Ey) 100 100 30 100 100 100
45(E,) 100 90 30 100 100 95
55(E;) 100 100 20 90 100 100
155(D3) 35(Ey) 100 90 20 80 100 100
45(E,) 100 80 30 100 80 60
55(Es) 100 40 20 100 100 30
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Fig. 5. Effects of cure conditions and aging methods on tensile strength of NR rubber compound : (D) Cure

temperature ; (D,) 135C, (D,) 145C, (Dy) 155T, (E) Cure time ; (E;) 35 min, (E;) 45 min, (E3) 55 min.
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Fig. 6. Response graphs of factors affecting on pullout forces of B-cord embedded in NR rubber compound : (C)
Aging condition ; (C,) initial, (C;) thermal aged, (Cs) hot water aged, (D) Cure temperature ; (D,) 135T, (D)
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Fig. 7. Response graphs of factors affecting on pullout forces of T-cord embedded in NR rubber compound : (C)
Aging condition ; (C,) initial, (C,) thermal aged, (C;) hot water aged, (D) Cure temperature ; (D,) 135C, (D)
145C, (Dy) 155T, (E) Cure time ; (E;) 35 min, (E;) 45 min, (E;) 55 min.
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Fig. 9. Response graphs of factors affecting on rubber coverages of T-cord embedded in NR rubber compound :
(C) Aging condition ; (C,) initial, (C;) thermal aged, (C;) hot water aged, (D) Cure temperature ; (D,) 135C,
(D,) 145T, (D3) 155TC, (E) Cure time ; (E,) 35 min, (E;) 45 min, (E;) 55 min.

Table 3. F, Values Determined from Analysis of Variance for Experimental Data of Pullout Forces and

Rubber Coverages

F, F(a)
Factor Pullout Force Rubber Coverage F F
B-Cord T-Cord B-Cord T-Cord 0.10) (0.05)

D(Temperature) 38 0.3 19 29 311 446
E(Time) 0.5 04 05 0.1 311 446
C(Aging) 11.2 34 59.6 1.5 311 4.46
DXE 23 09 2.6 2.0 2.81 3.84
DXxC 27 10 2.8 44 281 3.84
EXxC 1.8 08 1.6 3.0 2.81 384
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ARG A $3EE Re] oln, HR =3
7R gk sl Ao] vigAsthe A-g 9§},
e 2Add vt 2 AR, 7tgerst @
3 7F%AIZEe] BoH HEFo]l FEI) PAHA B
81, 72 =7t 2al MgAITte] AW &
st A HiEol 44 Agygng B 2
< HEAYHE 28 F gk RV 21 48
AlZro] Ho} HAZFo| FYA FAHHJIE Aoz A
ZrE e Aol A =3kX el A HE Ayt A
o, o3t F&& I

713AH MR E delsted AAE AR
A& 7] 9 =3} ¥ pullout force:= 2,2~4,3 MPa
Hod) 2lch, ol 20~100% Alolol] HA Ye 1
5 A3z vndhd zelst o) ¢ o), B-m=
2 Az NR(D,, E)) A8 nF 5RY=7} 3
2t 270 20%, dx3 ¥ 90%, 5= F 20
%2 A el2 2A g2tAe 9 vl§, pullout fo-
rcex- 2.39MPa, 3.05MPa, 212z 3.72MPag
W3lEo] Hrh, B-ZEE AFAF AUL Ik
F Y BRI 20~30% 24 T-2=2 &3
Algo wvlE) e o}, pullout forcer T3]0
0. olejgt A3l B-3zzo w22 wign
FAtolel]l HarZo] wjg FHA FAs, P
BN Hitol ggse W, T-m=oME
BEFol AA3Y Ftgo] nE-FoA Fys = dl
7|10k Aoz AzrEd, Pullout forcedl o))
g AP AHAA Z=E Fobd wf A[FHe
Ho) Be IAx ¥l Ak M =) Eo] 9
+ 12%9) 98(Young's modulus) Z7}+= pullout
force] 4g%lel H7 = el 7HEAH 7%
L T B uXe 9] A7) BE
o], pullout force2] =}ol7} HA Yeht= o=
FA3Y 7= AUth
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B-z=oXe HE 27 desl & 17 B3
Ax7t AT, d+xg Foe 1§ RAFs}
AA3] 2ot old H|H T-Z=oMe d5ksl &
dz 7tgzZe]l AU A& AYdtaes 17
AP =7t soh B-Z=y T-ZEoA 25 #e
Ao MiFuF2 e oA FAMEAZ A
Ieistd, ks F 17 FAARE zloje ¥
5 7|1 Aoz §F28 4 Utk & YAo]
A% WE AR 5oz yEA T-2=9 wig
JFAtelol M mgo] PESell X (adhesive fai-
lure) dojux] ¢km 1H Zol 4 (cohesive failure)
dojuhs Hog, T-Z=o| HEFo] dEFksld
el st WS BoEn T-2=9] F3350]
Hxestict A4t o HEdtthe FolA x
29 FAo whg A Afolet #AHE JheAHL wo
P A3 Al e 3BHY A7 o Fo
ok A2AE 4 Yvk o}, oy HahFe ¥y
oju} &4l tiE oA 7l5o| AFo UAS H7t
stEE FA4EATT ¥ = QU

4 &

L 7tge=e} 7hGATHe HE FAT st
o] Qv IR =7F Wu T8I Te] FoH™ A
AZo] F¥38| A BaA, a1 7=}
1 7HEAIZre] AW FAFo] FrdtA AR
U alg el 240l AMEHDR HAGE A
Zahdch

2, o] A% e 71F2 =9} 7H&A| 7] RpolE
HAZ AN RTe w9 BEAd 7=
g gko] #HA, pullout force Rt} ¥ BAH w7} 7}
B2A Az U wat 3A g h

3. T-ZE=(Cu/Zn/Ni) 2 A 23 A|Ho A e
3 3 3¢ RaAAEy} B-FZ=(Cu/Zn) 2 AEFE A|
AR Bk, T-zZeeh winiateld] A"
HAF L B-ZEdA A E HEAZFEG driasto
tske] QHEEATh
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7} o] A7E BAstgUd ()25 A
foz ol%0)7 A7l& ALA7(KOSEF 8921-
0303-005) 2] AT A, A7iBel FA=YY
2R A8 £82 FA AHE 24 A}
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