Elastomer
Vol. 34, No. 3, pp. 253~261(1999)

AN A&t R 20] TR B AL G

q A Zt-o 4 AR 4 &
% AT, QFAGL HF T
(1999 84 10d AH<)

Adhesion Properties of Rubber Composite with Direct Blending Technique
and Adhesive Composition

Kyung-Ho Chung', Seong Jae Lee and Young-Wook Chang™®
Dept. of Polymer Engineering, The University of Suwon, Suwon 440-600, Korea
*Dept. of Chemical Engineering, Hanyang University, Ansan 425-791, Korea
(Received August 10, 1999)

2 ot zAe] tE HAAE T3 TV EFEY Tt EALS HEA A A rhde] We] Z¥d
& 23X A7k Frlslden ASEEE tha taste AR Bol vhd Exie) =9} e

27) 7Fabe-S AAA AT FA] AREE 94 b Adge & F AL olE —'TI
gE9 JAEA 4] vhdo] wo] §7-¥ HAAE TF EHYTTS TFEFEY A== o

k. ol ®hdo] el #4245 Ztuube-& AdAA AA FEREY 7T } Ed
d Aoz Alg=Egdch w5 YA 2Ao) F-Af e nlXe AP BAIER
A JdE 610 BrePa}AES 2183t TCAT(Tire Cord Adhesion Test) Hlejo & Zalahgict.
HaAlE-td-23Ld s =-2} A (RTFL) AH2A 244 H2AlE 1 moled LFLUF=2
mole ¥|7} F71&EE Mt e ZI1EAn P LELH = Smole ol A HA 9 HAHE
ehlich. Bz eAre] JiA ¢8=(DPU) 94 23 Ao ¢S XA, GUE 610 Bx
LHRAES A= F3AA 246 o2 DPU7}F A9 dAste] 2o o)z JAA L 24 F &
49 AF dEo 2 HHE 5 Uit

ABSTRACT : The cure properties of rubber compounds containing different adhesive composi-
tions were examined. As the amounts of tannin were increased in the adhesive composition, the
scorch time was increased and cure rate was decreased due to the size and shape of tannin mole-
cules. Also, the effect of adhesive composition on the adhesion between rubber and fiber was ex-
amined by TCAT(Tire Cord Adhesion Test). The reinforcing cords used in this study were mon-
ofilaments of nylon 610 and nylon 66. According to the results, the optimum adhesion strength
between rubber and fiber could be obtained with adhesives whose molar ratios of formaldehyde/
resorcinol were above 5/1 in the recipes. Although the level of dip pick-up(DPU) on the rein-
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forcing cord affects the adhesion strength, the DPU of nylon 610 monofilament did not affect
the adhesion strength because the level of DPU was constant regardless of the adhesive composi-

tions. In this case, the adhesion strength with the adhesive composition could be explained with

the behavior of tannin in the adhesive.

Keywords : direct blending, cure characteristic, TCAT, dip pick-up, adhesion strength.
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Table 1. The Basic Composition of Adhesive for
Nylon Reinforcing Cord

Amounts Co.
Resorcinol llg Sigma

Components

37% Formalin solution [16.4m] |Fisher scientific

10% NaOh solution 3g Fisher Scientific

Distilled water 236g
Styrene-butadiene- 244g Kolon
vinyl pyridine
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Table 2. Cure Characteristics of Rubber Com-
pound Containing Different Adhesive

Compositions

Composition FSZ t.c(‘ %) CRI®
(wt.%) (min.)V (min.)?
R100 25 55 33.3
R80T20 2.8 5.5 37.0
R60T40 3.0 6.0 33.3
R40T60 3.0 7.0 25.0
R20T80 3.2 7.0 26.3
T100 3.8 8.0 23.8

Ui, ; scorch time
M g0 3 90% cure time

HCRI(cure rate index) = 100

A )

Table 3. Tensile Properties of Rubber Compound
Containing Different Adhesive Composi-

tions

100% 300% Tensile
Composition| Modulus Modulus strength

(MPa) (MPa) (MPa)
No adhesive 2.95 8.75 24.45
R100 2.29 8.50 24.09
R80T20 1.89 6.02 22.04
R60T40 1.90 6.15 22.06
R40T60 1.88 5.99 21.68
R20T80 1.80 5.79 21.18
T100 1.04 5.79 21.42
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Fig. 1. Crosslink density of rubber compound
mixed with different adhesive composition.
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Table 4. Data for Caculating the Activation Energy

Temp.(C) |tese)(min.) Ln t s (min.)| 1/T(K)
145 36.0 3.68 2.39E-3
155 20.5 3.02 2.34 E-3
165 11.5 2.44 2.28 E-3
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Fig. 2. Temperature profile of the center of TCAT
specimen with time.
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Table 5. Data for Comparing the Cure State

Time(min.)| Temp.(C)| T(K) h Sum
0.5 80 353 5.8 E-3 -
1.5 105 378 0.04 0.04
2.5 120 393 0.12 0.16
35 131 404 0.24 0.40
4.5 139 412 0.39 0.79
5.5 144 417 0.53 1.32
6.5 147 420 0.63 1.95
7.5 150 423 0.75 2.70
8.5 152 425 0.84 3.54
9.5 153 426 0.89 4.43

10.5 154 427 0.94 5.37
11.5 155 428 1.00 6.37
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Fig. 3. Change of pull-out force with formalin con-
centration in the composition of adhesive.

Table 6. Calculated Mole Ratio of Resorcinol to

Formaldehyde
Amounts of 37% Weight of Mole ratio of
formalin solution | formaldehyde |formaldehyde/
(ml) (g) resorcinol
2 0.8 0.67
4 1.6 1.33
8 3.21 2.68
16 6.41 5.34
32 12.82 10.68
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Table 7. Dip Pick-up(DPU) Level for Nylon 66
and Nylon 610 Monofilament

Dip composition DPU 1V DPU 22
(weigth % of R/T)

R100 0.0011 0.0001
R80T20 0.0014 0.0002
R60T40 0.0013 0.0002
R40T60 0.0021 0.002
R20T80 0.0038 0.0002
T100 0.0042 0.0002

UDPU 1 : dip pick-up of nylon 66 cord
YDPU 2 : dip pick-up of nylon 610 monofilament
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Fig. 4. Change of pull-out force with resorcinol
content in the composition of adhesive.
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