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ABSTRACT

The change of elastic modulus(E’ ), loss modulus(E”), and loss tangent(tand) were investi-
gated on condition of double strain amplitude (DSA) at temperature of -40~80°C for carbon
black filled natural rubber. E', E”, and tand were increased as it closed to the glass transition
temperature due to decrease of rubber network flexibility and carbon black agglomerate interac-
tion. In the micro strain range, energy loss showed maximum value because of the chain slip-
page in rubber matrix, but the regeneration of carbon black agglomerate and rubber matrix
affected decrease of energy loss over the mid-range strain. As a results of regression analysis,
E" max correlation with & (E' g44Dsa—FE 20%Dsa) showed linear relationship.
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Table 1. Formulation of NR compounds with different carbon blacks

(unit : phr)
carbon
blacks| 0 |  N220 N330 N550 N660 N774 N990
materials
SMRCV60 [100 100 [ 100 100 100 100 100
carbon black | 0 [16]36]56]76]20]40]60]80]25]45]65]85|25[45]65]85| 28 ]48]68]88]30]60]90/120
zinc oxide 5 5 5 5 5 5 5
stearic acid | 2 2 2 2 2 2 2
IPPD®  [15 15 15 15 15 15 15
wax 15 15 15 15 1.5 15 15
sulfur |05 0.5 05 0.5 0.5 0.5 0.5
CBS® 3 3 3 3 3 3 3

@ N-Isopropyl-N’ -phenyl-p-phenylenediamine
5 N-Cyclohexyl-2-benzothiazy! sulfenamide

Table 2. Physical properties of rubber grade car-

bon blacks
: a)
Carbon ng:;:Stion DEPA * Manufacturer
Black (cm?/100g)
(g/kg)
N220 1225 114.9 LG chemical Lid.
N330 79.7 101.1 LG chemical Ltd.
N550 431 124.3 LG chemical Litd.
N660 343 93.7 LG chemical Litd.
N774 29.3 70.2 LG chemical Ltd.
N990 11.2 40.1 Cancarb

2> ASTM D 1510
® ASTM D 2414
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2. g W R

w3k 1.72]8) Banbury Mixer(KobeA}, Japan)
9} A7 844 open mill(FA1F7], ¥5)& 043}
o] ASTM D 3182 ¥ D 3192¢] wfz} Azslicts
9. Torque Rheometer(ToyoseikiA}l, Japan)E o}4
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< 2ejsdA 807, 50, 25, 0, -20C, -40°C
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m. Zx o of
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(1) 71282 aggregatesl &4 A (agglomerate)

(2) 7}2-E53A9) hydrodynamic g3}

(3) 7HEEd3} 27 A7 £% (adhesion)

(4) 2% A9 7k (crosslink)
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g. 1. Effect of double strain amplitude(DSA) on

dynamic modulus of NR vulcanizates rein-

=

forced with various loading up to 29.83vol
% N550 black at 80TC.
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Fig. 2. Effect of double strain amplitude(DSA) on
dynamic modulus of NR vulcanizates rein-

forced with various loading up to 29.83vol
% N660 black at -20°C.
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Fig. 3. Effect of double strain amplitude(DSA) on
loss modulus of NR vulcanizates reinforced
with various loading up to 28.58vol% N330

Loss tangent

Fig. 4. Effect of double strain amplitude(DSA) on
loss tangent of NR vulcanizates reinforced
with various loading up to 29.83vol% N550
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Fig. 5. Effect of double strain amplitude(DSA) on

loss tangent of NR vulcanizates reinforced
with various loading up to 27.55vol% N220
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Fig. 6. Effect of double strain amplitude(DSA) on
loss tangent of NR. vulcanizates reinforced
with various loading up to 29.83vol% N550
black at -40°C.
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Table 3. Relationship between E” . and 4E" on

temperatures
—ltemperature .
proposer \ relation s@ |
(C)
Payneetal| 25 G max=0.053+0.0954G" I
Sircar et al. 25 G nax=00997+0.1244 | - -
Forsteretal] 25 G - -
Hirakawa 25 G nax=0.15+0.1074G’ - -
80 |G nax=01+0.1746G 11461 0.993
50 | Enex=169434044F | 23221 0.985
% B nax=2.3584+3.0504E | 2.190] 0.994
our® 0 | E max=2389+30240E | 2.290] 0.997
220 | B nax=2803+35454E" | 5.955] 0.992
0| B ue 10496+ 40852E | 33765 0981

E’ nax=93.415+7.8344E'

8) standard deviation
® regression coefficient
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