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Abstract— Mixing conditions such as addition sequence of zinc oxide powder, an activator to accelerate vulcanization,
and temperature and time of carbon black mixing stage have been changed to measure both of scorch time and cure rate of
the green compound and to find optimum mixing condition producing a green compound that would proceed successfully
without any scorch during calendering and extrusion steps, etc. Since the green compound prepared from adding zinc ox-
ide in the first stage with mixing at 363 K for 4 minutes and also treated further in sulfur mixing second stage at 333K for
2 minutes has lengthened the scorch time 10 % more and has showed the same cure rate as the others mixed at higher tem-
perature for longer period in the first stage, it is concluded that the above mixing conditions may save the cost of pre-
paring green compound and its premature vulcanization preserving the quality of the product, as mechanical properties of
the cured rubber measured by universal test machine had exhibited.
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Table 1. Formulation for test rubber compound
Mixing stage Materials wt%
1st stage Natural rubber 48.45
BR-01 12.11
Carbon black(N-550) 27.25
Aromatic oil(A#2) 423
Kumanox-RD 1.21
Kumanox-13 0.61
Stearic acid 1.21
1st or 2nd stage  ZnO 3.0
2nd stage Master batch(1st step) 95.10* or 98.10**
Insoluble sulfur(20 % oil) 0.68
Sulfur 0.82
Santocure-NS 0.39

*ZnO loading at 2nd stage. **ZnO loading at 1st stage.
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Table 2. Test arrangement of mixing conditions for each 2 levels of 3 factors

Test no 1 2 3 4 5 6 7 8
Loading stage of zinc oxide 1st 2nd 1st 2nd st 2nd 1st 2nd
Mixing conditions of first stage
Mixing time(min) 7 7 4 4 7 7 4 4
Mixer temp.(K) 383 383 383 383 363 363 363 363
Rotor speed(RPM) 40 40 40 40 40 40 40 40
Mixing conditions of second stage
Mixing time(min) 2 2 2 2 2 2 2 2
Mixer temp.(K) 333 333 333 333 333 333 333 333
Rotor speed(RPM) 30 30 30 30 30 30 30 30
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Table 3. Results of Mooney viscometer, rheometer test to final mixed rubber compounds

Batch no. 1 2 3 4 5 6 7 8
Mixing conditions
Stage of zinc oxide feeding 1st 2nd 1st 2nd st 2nd 1st 2nd
Temp. of 1st stage mixing(K) 383 383 383 383 363 363 363 363
Time of 1st stage mixing(min) 7 7 4 4 7 7 4 4
Mooney viscomerter test at 398 K
Viscosity(MU) 39.6 44 432 48.4 404 45.6 424 48.8
Scorch time(t5, min) 226 20 24.5 20.6 26.6 19.3 26.5 20.9
t35(min) 25.8 225 271 23 28.8 21 28.7 22.6
Cure index(t35-t5, min) 32 25 2.6 24 22 1.7 22 1.7
Rheometer test at 418K
Minimum torque(M,, dN-m) 10 10.2 9.1 9.7 8.6 9.5 8.7 9.7
Maximum torque(M,;, dN-m) 39.1 383 38.7 36.7 375 374 374 37.8
M;-M,(dN-m) 29.1 281 29.6 27 28.9 279 28.7 28.1
t2(min) 8.8 7.4 85 7.3 8.8 7 8.6 7.5
t90(min) 18 16.3 18 16.5 18.2 15.8 18 16.6
The temperature of dumped rubber 435 446 433 444 424 433 421 430

at 1st stage(K)
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Table 4. Mean values of Mooney viscometer and rheometer fest results to each 2 levels of 3 factors

Mixing conditions

Stage of activator feeding

Temp. of 1st stage mixing Time of 1st stage mixing

Test items Ist stage 2nd stage 363K 383K 4 min 7 min
Mooney viscomerter test at 398 K
Viscosity(MU) 41.4 46.7 443 438 45.7 42.4
Scorch time(t5, min) 25.1 20.2 233 219 231 22.1
t35(min) 27.6 223 25.3 24.6 25.4 24.5
Cure index(t35-t5, min) 2.6 21 2.0 2.7 22 2.4
Rheometer test at 418K
Minimum torque(M,, dN-m) 9.1 9.8 9.1 9.8 9.3 9.6
Maximum torque(M,, dN-m) 38.2 37.6 375 38.2 37.7 38.1
M;~M,(dN-m) 29.1 27.8 28.4 28.5 28.4 28.5
t2(min) 8.7 7.3 8.0 8.0 8.0 8.0
t90(min) 18.1 16.3 172 17.2 17.3 171
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Fig. 1. Relation between scorch time and temperature of dumped rub-
ber at first stage for any mixing conditions.
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Table 5. Results of tensile test to final mixed rubber compounds
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Fig. 4. Effects of the temperature of mixing green compounds on
scorch time t2 and cure time t90 on rheometer where ZnO
had been added at first mixing stage.

Batch no. 1 2 3 4 B 6 7 8
Mixing conditions
Stage of zinc oxide feeding 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Temp. of 1st stage mixing(K) 383 383 383 383 363 363 363 363
Time of 1st stage mixing(min) 7 7 4 4 7 7 4 4
Mechanical properties of cured rubber*
Hardness(shore A) 61 60 62 60 62 61 62 62
Modulus at 300 %(MPa) 13.0 13.0 13.6 12.6 13.6 13.5 133 13.6
Tensile strength(MPa) 21.9 22.6 22.6 21.8 21.8 22.8 223 22.6
Elongation(%) 471 480 468 473 456 476 465 473
Mechanical properties of cured
rubber after thermal aging**
Hardness(shore A) 65 63 66 63 65 65 66 66
Modulus at 300 %(MPa) 16.2 15.5 16.4 15.1 16.2 16.0 159 159
Tensile strength(MPa) 171 19.0 18.7 18.0 19.7 18.2 19.1 17.6
Elongation(%) 321 365 344 354 365 340 358 332
Change of mechanical properties
after thermal aging**
Hardness(%) 7 5 6 5 5 7 6 6
Modulus at 300 %(%) 24 19 20 20 19 18 19 17
Tensile strength(%) -22 -16 -17 -17 -10 -20 - 14 -22
Elongation(%) -32 ~-24 -26 -25 -20 -29 -23 -30

*The rubber was cured during 30 minutes at 418 K. **Aging conditions was during 24 hours at 378 K.
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