Supporting Information

Enhancing rubber vulcanization cure kinetics: Lowering vulcanization
temperature by addition of MgO as co-cure activator in ZnO-based

cure activator systems

Md Najib Alam 7, Vineet Kumar !, Seok U Jeong 2 Sang-Shin Park * *

1School of Mechanical Engineering, Yeungnam University, Gyeongsan, Gyeongbuk 38541, Republic of

Korea

2 Graduate School of Mechanical Engineering, Yeungnam University, Gyeongsan, Gyeongbuk 38541,

Republic of Korea

*Correspondence: S.-S. Park (pss@ynu.ac.kr)

Table S1. Specific rheometric mechanical and kinetic parameters at 100 °C.

Mix compositions Mt (Nm) | Mu (Nm) | AM (Nm) | Msoo | Rsoo (%) | t2 (min) | teo (min)
SEV/5-Zn0 (control-SEV) | 0.35 4.75 4.4 - - 43.12 131.63
SEV/5-ZnO/1-MgO 0.67 5.46 4.79 543 |05 19.68 48.1
SEV/5-Zn0O/2-MgO 0.72 5.45 4.73 543 | 04 12.33 39.96
SEV/5-Zn0O/3-MgO 0.82 5.58 4.76 555 |05 13.38 39.44
SEV/5-MgO 0.83 3.08 2.25 3.07 103 21.17 59.02
Table S2. Specific rheometric mechanical and kinetic parameters at 110 °C.
Mix compositions Mt (Nm) | Mu (Nm) | AM (Nm) | Msoo | Rsoo (%) | t2 (min) | teo (min)
EV/5-Zn0O (control-EV) 0.22 4.52 4.31 - - 21.64 132.5
EV/5-Zn0O/1-MgO 0.64 5.31 4.66 530 | 0.2 10.31 41.02
EV/5-Zn0O/2-MgO 0.71 5.43 4.72 542 | 0.2 9.66 37.65
EV/5-Zn0O/3-MgO 0.74 5.36 4.61 535 | 0.2 8.75 38.61
EV/5-MgO 0.79 3.12 2.33 311 |03 14.05 37.76
SEV/5-Zn0 (control-SEV) | 0.31 5.38 5.07 - - 18.62 49.93
SEV/5-ZnO/1-MgO 0.62 5.55 4.93 552 105 7.58 21.52
SEV/5-Zn0O/2-MgO 0.68 5.49 4.81 547 |04 6.64 17.48
SEV/5-Zn0O/3-MgO 0.78 5.61 4.82 559 |04 6.32 17.27
SEV/5-MgQO 0.83 3.05 2.21 3.03 0.7 8.71 25.28
Table S3. Specific rheometric mechanical and kinetic parameters at 120 °C.
Mix compositions Mt (Nm) | Mu (Nm) | AM (Nm) | Msoo | Rsoo (%) | t2 (min) | teo (min)
EV/5-Zn0O (control-EV) 0.19 4.78 4.58 - - 9.13 70.48
EV/5-ZnO/1-MgO 0.55 5.39 4.84 537 |04 4.5 14.35
EV/5-Zn0O/2-MgO 0.61 5.51 4.9 550 | 0.2 3.99 16.11




EV/5-ZnO/3-MgO 0.67 5.52 4.86 549 | 0.5 3.71 15.65
EV/5-MgO 0.71 3.2 2.5 3.1 0.3 6.6 17.74
SEV/5-ZnO (control-SEV) | 0.27 5.71 5.45 57 102 8.24 21.32
SEV/5-ZnO/1-MgO 0.55 5.44 4.89 539 | 0.9 3.29 9.12
SEV/5-ZnO/2-MgO 0.62 5.47 4.84 538 | 1.6 2.97 7.62
SEV/5-Zn0O/3-MgO 0.72 5.65 4.93 556 | 1.6 2.74 7.61
SEV/5-MgO 0.82 3.24 2.43 317 | 2.1 4.86 12.6
Table S4. Specific theometric mechanical and kinetic parameters at 130 °C.
Mix compositions M. (Nm) | Mu (Nm) | AM (Nm) | Msoo | Rsoo (%) | t2 (min) | teo (min)
EV/5-ZnO (control-EV) 0.17 4.34 4.18 - - 4.48 16.56
EV/5-ZnO/1-MgO 0.46 5.09 4.62 5.05 | 0.7 2.37 7.09
EV/5-ZnO/2-MgO 0.52 5.25 4.73 522 | 0.6 2.02 6.2
EV/5-ZnO/3-MgO 0.58 5.28 4.7 526 | 0.4 2.01 7.55
EV/5-MgO 0.64 3.37 2.72 312 |74 3.26 8.67
SEV/5-ZnO (control-SEV) | 0.23 5.84 5.6 581 | 0.5 4.48 11.13
SEV/5-ZnO/1-MgO 0.52 5.41 4.88 523 |33 2 4.21
SEV/5-Zn0O/2-MgO 0.57 5.38 4.81 522 | 3.0 1.66 4.05
SEV/5-Zn0O/3-MgO 0.65 5.58 4.92 539 | 34 1.8 3.73
SEV/5-MgO 0.75 3.23 2.48 3.08 | 4.6 2.26 5.95
Table S5. Specific rheometric mechanical and kinetic parameters at 140 °C.
Mix compositions ML (Nm) | Mu (Nm) | AM (Nm) | Msoo | Raoo (%) | t2 (min) | teo (min)
EV/5-ZnO (control-EV) 0.17 4.36 4.18 435 | 0.2 2.36 8.54
EV/5-ZnO/1-MgO 0.39 5.04 4.64 497 | 14 1.73 4.24
EV/5-ZnO/2-MgO 0.43 5.11 4.68 5.06 | 1.0 1.57 3.71
EV/5-ZnO/3-MgO 0.48 5.12 4.64 5.06 | 1.2 1.41 3.57
EV/5-MgO 0.57 3.27 2.71 2.75 | 17.1 1.85 4.52
SEV/5-ZnO (control-SEV) | 0.22 5.5 5.28 548 | 04 2.27 5.89
SEV/5-ZnO/1-MgO 0.42 5.23 4.81 489 | 6.5 1.42 2.61
SEV/5-Zn0O/2-MgO 0.51 5.24 4.73 484 | 7.6 1.12 2.11
SEV/5-Zn0O/3-MgO 0.61 5.49 4.88 5.06 | 7.8 1.1 2.11
SEV/5-MgO 0.67 3.28 2.61 2.88 | 12.2 1.44 3.32




