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Abstract— The effect of cobalt salt addition on the adhesion between rubber compound and brass-plated steel cord was
studied using cobalt boroacylate, cobalt naphthenate and cobalt stearate to discuss the function of cobalt salt as an adhe-
sion promoter. The composition and state of the adhesion layer at rubber/brass thin-film sample were also investigated.
The unaged adhesion properties were improved by addition of cobalt salt, but the further improvement was not observed
with increase in the loading of cobalt salt above 0.16 phr as metal. The aged adhesion properties of the rubber compound
with high levels of cobalt salt was poor compared with those of cobalt salt-free rubber compound. The decreasing behav-
for in the adhesion properties with aging treatment varied with the anion species of cobalt salt. The rubber compound with
low loading of cobalt boroacylate as 0.16 phr showed the best adhesion properties at unaged state as well as after thermal,
humid, and salt solution aging treatments. The acceleration of copper sulfide formation with the addition of cobalt salt and
excessive formation of copper sulfide with high levels of cobalt salt were observed from rubber/brass thin-film samples.
The promotion role of cobalt salt in the adhesion might be summarized as the synergy effects due to the acceleration of
the formation of copper sulfide at the adhesion interface and the enhancement of the crosslinking density of rubber com-
pound attached to the adhesion layer.
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2-1. 1% His

TUE o) Z7e} WP ol9) O 2L B 2L 1%
78 Fujstgch. Al 75 (Lee Rubber Co., SMR-CV. -60) 100
phr(parts per hundred of rubber)el], 71824 ( 7] 44, N330) 50

8128 H36A H2& 19984 4%

Az

phr, ®W3E 3AR-(A713) 5phr, Alstold(zeiotd, 5+) 10
phr, 4+3}8}-x] Al] (Monsanto Co., 2,2,4-trimethyl-1,2-dihydroquinone) 4
phr, I E A(FEF9} H71=kS vlE) S-& Banbury mixer(Farrel
Co., model 82BRYE- AH4-3193 160 “CollA] 537+ 13} wighatsich. =
e o2 Fule u ol o) E(Rhone Poulenc Co., ZLHE 3}
g; 23wt%, °o]¥F Co-boroZ %), ZUE v}=Ev]o] E(Shephard
Co., R E 3 11wt%, ©]|F Co-naph2 §-8), IHE XH|ol)]
o|E@lFeet, TLE I 10wt%, o|F Co-steaZ F-E)E AR
soich ZUE ke FUE J4 v)E0 R Wolsgled, Pl
2 0-0.64phr W2 st 13 witnT-5 A202 Y74
71 &, ~eo}&AGA3-5-7]) 0.5 phr, 3H(Stauffer Co., 80 % oil-treated
insoluble sulfur) 8phr, 7}3+Z%1 4] (Monsanto Co., N-oxydiethylene-2-
benzothiazole sulfenamide) 0.5 phr, 7}3}:x] <1 4| (Monsanto Co., N-cyclo-
hexyl thiophthalimide) 0.2 phr-2- 7}5}¢J open mill(Farrel Co., MKIII)
2 90°CellA 5327t o}A] i ga}sich
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X} 23] A7} (scorch time)- 125 °Coll4] Mooney viscometer(Mon-
santo Co., model M-1500)2- A|-8-3}3 ASTM D1646 W22 27|
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ASTM D813 uh ¢ 2 ZX3}gt). 50 ‘ColjA <=7} 300 cycle/
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(pullout forceye £A3lgrt. Bohd = Fwle] TRl F2h5]o]
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Ept 5.00kVolx, Ipt 0.2pAQl ZAA ZARIG. 3% ¥4
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FaFe zARl] Zold AR ¥ (depth profile)E T3}t FAE
oh= FElotd Aol 70302 HEFAo g 2AF) HE] l=
<X (sputter rate}= 25 nm/mino] v}, A FFolle o] Falo] 4o
AR Al GA] FA3FA] 97] b, B8] e 58 A3}
71 94 @k mEhA Zod AR Y 1?"1]*‘11: A Zojur}
s}E0] 7t A 7}(sputtering time).2 & 7} 228 JehAich,

3. g3 ¥ @

3-1. HIEDSS) JIEMEN HE
ZHE 49 £F7 9 Wlske] o} S gt nTo| 7184 AE oscil-
lating disc rheometer®} Mooney viscometer®. ZA}5}e] Table 1] &
2]3}ct. Co-boro 7} mReAE Hrlake] Bolx|d T, A|7}o)
Fobx 714 w7 %zt welxich T2y} Co-naphv} Co-steas 3
7]""?1‘ aFME 7R 23 el HdEaE 3UE o
F5ell AR FHrleko] golx|w AZtl. Mooney I FUE
°5 A7hge] BolAd dolAch. A-FAAE vl 78] A
2l 233 AZHT)E Co-boros} Co-steart A g wHoal=
A7l wolAH ZokAY, Co-naph7} b <7t AojA ).

Table 1. Cure characteristics and viscosity of cobalt salt-containing rubber compounds

OD rheometer”

Mooney viscometer”

Co salt Content(phr) Time(min) Torque(J) Time(min) Viscosity”
T, Ty min max Ts Tss U]
- - 2.8 5.7 1.30 532 235 27.1 6.06
Co-boro 0.08 3.0 6.0 1.37 5.34 258 29.5 6.19
0.16 2.8 6.0 1.37 5.62 249 29.0 6.18
0.32 2.7 57 1.36 5.81 23.6 282 6.07
0.64 2.7 5.4 1.30 5.81 183 25.6 5.82
Co-stea 0.08 27 6.1 1.23 5.80 235 27.0 5.83
0.16 2.7 6.1 123 5.80 20.2 274 5.70
0.32 2.7 6.2 1.18 5.96 195 285 5.56
Co-naph 0.08 2.8 6.0 1.33 5.20 21.9 283 6.14
0.16 27 6.0 1.31 5.24 22.6 28.0 579
032 2.7 6.1 123 5.84 241 30.0 5.64
"Shear condition; 1° and 1.67 Hz at 160 °C. ®Shear condition; 2rpm at 125 °C. "Shear condition; 2tpm at 100 °C.
Table 2. Physical properties of unaged vulcanizates of rubber compounds
Co salt Content(phr)  Hardness(Shore A) Modulus(MPe) Tensilie Elongation
100% 200 % 300 % strength(MPa)  at break(%)
- - 62 3.01 7.54 12.9 219 461
Co-boro 0.08 61 2.89 7.23 125 23.6 500
0.16 64 334 7.89 13.2 23.6 486
0.32 65 3.47 8.07 134 205 429
0.64 66 3.38 7.67 12.7 225 479
Co-stea 0.08 63 331 7.98 135 222 451
0.16 65 3.54 8.42 14.0 222 443
0.32 66 3.62 8.51 14.2 22.6 445
Co-naph 0.08 61 2.82 7.00 12.1 23.0 489
0.16 63 343 8.13 13.7 220 442
0.32 64 352 8.16 13.7 21.7 435
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Table 3. Physical properties of vulcanizates of rubber compounds after thermal aging at 105 °C

Hardness(Shore A) T.S.”(MPa) E.B2(%)
Co salt Content(phr) .
5 10 15 5 10 15 5 10 15
- - 73 78 85 7.36 6.46 6.28 97 56 34
Co-boro 0.08 73 79 85 7.67 6.01 5.94 102 56 33
0.16 75 81 85 7.23 6.44 7.07 87 52 35
0.32 78 83 87 8.65 5.83 6.85 89 38 26
0.64 80 86 90 7.96 7.31 8.89 84 45 27
Co-stea 0.08 75 79 85 6.56 5.03 6.07 81 46 31
0.16 77 82 85 6.17 6.07 6.72 72 51 34
0.32 78 83 86 6.21 6.54 6.85 67 52 28
Co-naph 0.08 72 78 85 6.89 5.41 7.12 100 58 44
0.16 76 81 87 5.94 5.52 7.13 67 44 33
0.32 78 82 87 6.52 6.90 8.56 67 52 34
“Tensile strength. Elongation at break. *Thermal aging period(days).
Table 4. Rebound, compression set and fatigue properties of unaged vulcanizates of rubber compounds
Crack length”(mm)
Co salt Content(phr) Rebound(%) Compression set(%) FTF(cycles)
Latitud. Longitud.
- - 47.0 98.8 166000 10.7 7.2
Co-boro 0.08 46.2 99.6 203000 1.2 4.3
0.16 46.1 99.6 179000 17.3 83
0.32 46.2 98.8 143000 2.6 5.4
0.64 435 98.8 128000 3.0 5.1
Co-stea 0.08 46.8 99.6 150000 19.0 8.8
0.16 46.4 99.6 146000 183 85
0.32 44.5 98.8 145000 20.8 8.9
Co-naph 0.08 477 98.8 196000 89 6.5
0.16 46.7 99.2 109000 213 9.0
0.32 46.4 98.8 94000 16.8 8.2

“The crack length at 20,000 cycle.
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o] 0.16phric} 2L, Z 45 Hrlg aFoiE 443} o
&= XA Ae] ILE o) HriEA) e me) v)ksiA} ot
Frt. ¥ Co-boro7} 0.64 phrs. Wo] A 18 TR 59 58
A3} ¥ Fohd F=ol I} A9 BololA] e Axs AR
o] ZA AMa=Egict. THE do] A HrIR mTolA] A3}
F A4 EL Co-naphi} Co-stea Y7} TFoAE A 3},
Co-boro>Co-naph>Co-stea 5= 2.2 *]3} o] v}, &g}z A=
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Table 5. Unaged and thermal aged” adhesion properties of cobalt salt-containing rubber compounds

Co salt Content(pht) _ Pullout force(N) Rubber coverage(%)
0 5 10 15 0 5 10 15
- - 535 423 406 366 90 80 90 85
Co-boro 0.08 587 497 471 388 100 100 100 100
0.16 638 464 451 360 95 100 100 100
0.32 633 463 451 377 100 100 100 95
0.64 640 410 380 368 100 60 50 70
Co-stea 0.08 641 466 453 363 100 100 100 95
0.16 638 479 447 363 100 100 100 100
0.32 644 460 446 406 100 100 100 100
Co-naph 0.08 634 477 449 392 100 100 100 95
0.16 649 467 416 370 100 100 100 100
0.32 626 457 431 " 361 100 100 100 100

PThe T-test adhesion samples were thermally aged at 95 °C. ®Aging period(days).
Table 6. Humid-aged” adhesion properties of cobalt salt-containing rubber compounds

Co salt Content(pht) _ Pullout force(N) Rubber coverage(%)
0 5 10 15 0 5 10 15
- - 535 540 514 480 90 95 95 90
Co-boro 0.08 587 527 527 496 100 95 95 95
0.16 638 517 497 508 95 100 95 95
0.32 633 315 393 329 100 50 30 15
0.64 640 176 159 173 100 5 5 5
Co-stea 0.08 641 523 501 507 100 90 95 90
0.16 638 538 499 489 100 90 90 90
0.32 644 513 474 407 100 90 75 60
Co-naph 0.08 634 546 490 470 100 95 95 95
0.16 649 521 501 486 100 95 90 95
0.32 626 261 333 238 100 35 60 20

1)I-Iumid-aging at 85 °C and 85 % of relative humidity. PAging period(days).
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Fig. 1. Humid-aged adhesion properties of Co-boro-containing rub-
ber compounds. Humid-aging condition; 85 °C and 85 % of rela-
tive humidity.
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Fig. 2. SEM photos of pulled out steel cords from humid-aged adhesion samples with respect to the loading of Co-bore(as Co metal).

(A) Ophr, (B) 0.16 phr and (C) 0.64 phr.
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Table 7. Salt-aged” adhesion properties of cobalt salt-containing rubber compounds

Pullout force(N)

Rubber coverage(%)

Co salt Content(phr)
0? 5 10 15 0 5 10 15
- - 535 273 394 270 - 90 35 65 25
Co-boro 0.08 587 367 288 224 100 60 30 25
0.16 638 310 294 209 95 35 40 15
0.32 633 554 226 280 100 80 25 25
0.64 640 538 369 454 100 80 40 65
Co-stea 0.08 641 412 390 139 100 65 65 25
0.16 638 193 213 178 100 5 15 25
0.32 644 330 213 49 100 40 15 0
Co-naph 0.08 634 460 461 382 100 75 70 60
0.16 649 499 420 370 100 75 65 40
0.32 626 509 433 391 100 80 65 60
YSalt-aged in 15 % NaCl solution at room temperature. *Aging period(days).
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Fig. 3. Depth profiles of Cu, S, Zn and O from unaged rubber/brass-film adhesion samples varied with loading of Co-boro(as Co metal).

(A) 0 phr, (B) 0.16 phr and (C) 0.64 phr.

2 2% A7E afellxe T gy okEd] 8 gkl
d3] xgh=le] qlol, & diitFe] FIAIE Az A
oA}, Co-boro7} 0.64 phr2 o}F Wol ArlE R Fal
o} & greFzioe] w9 wiA HA gtk A 238 A 237 995
o 7EREE 12871 % 13 o), 248 71%] sEoirtx= )7} 7]
$9 AEe, 2RE do| Wol WY BRAAE BH3e] 1T
243171 A sl

oladz} Ab4e] ekl Fute o Hrjek ule} char}. ol
3 Abae) gkl Helle A2 v} ol Fake] & Ao
2 v R0, ol oldAlsEo] Aol B 5 glck. 9 24
o] ofped s} Abits HARS ] 93 o)A S-S vehie], W) Rl
AE A7 2 449 oldAdstEs) vbkg ol g viehy
ot ZUE go] 0.16phr2 4% H7HR 3Fo)4] o}dF} AL FHeF
AL Fele ZLE do] ArkER] gL n5-9) vlsse) e

#

K

d

Az} ohzlA 2 ol Akt FFFHE WA AA et
FUE o] VM nFelAe 3] Fakde] Tl kT
kel 9lel, FEE ol s FeHsE AAo] Fx"he B
{2618 et Wi Hriede] wolAd el 83 =o] B}
Al A= A Fo2 EAS|Hrt w3l WA HA
Ak TLE o] Wol A7H mF el oldatatE A 43
< olF71Ret IR-Zel WAl 1A AL, sk 10101044 2
Sl ohede] 2 74 Wi

G498 F e o Wrlee) thE 279 FEEA
Aol 7k ze) ¥ LEF Fig 4ol ek TRE o] Hr}
A @2 2FolME RHel® Fe|3stEe] QAN T, 248 3
Fo7ke 7eElot Be] EE AEE TS F)8stEe] WA
H2 glrh. olad ASMEE Fig.39] dspd AE L yol e Ao}

HHE do] 0.64phrE ol HAE mRelA Falo) 319 gk
=

2

HWAHAK KONGHAK Vol. 36, No. 2, April, 1998



186

3
=
Y

W
=
T

~
>
T

o
>
T

<
T

Composition (atomic %)
w w N
@ > o

—
>
T

0

6 12 18

Sputtering time (min)

A

24

Composition (atomic %)

P
=l

37
=

»~
<

—
>

=

3
=]

W
=l

[od
<>

—
=4

.

0

6 12 18
Sputtering time (min)

(B)

24

-
=3
T

w
<
T

[V
>
T

—
=4
T

=]
T

Composition (atomic %)
fd (73 -
= o =

o
<
T

0

6 12 18

24
Sputtering time (min)
(&)

Fig. 4. Depth profiles of Cu, S, Zn and O from humid-aged rubber/brass-film adhesion sample varied with Co-boro loading(as Co metal).
(A) O phr, (B) 0.16 phr, and (C) 0.64 phr. Aging at 85 °C and 85 % of relative humidity for 15 days.
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