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Construction of a Vulcanized Rubber Model for Energy Analysis of the

Desulfurization Process
ZHOU Xun, WANG Gong—yuan, FENG Xue—jun, YIN Kai—liang
(Computer Center of School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract: As a new desulfurization method and technology, twins — screw desulfurization is attracting
more and more attention from scholars. This is one of desulfurization methods based on the two—fold ac-
tion by thermal and stress, and the desulphurization effect is correlated closely with the option of tempera-
ture and shearing force. The temperature and shearing force have provided the exterior energy for destro-
ying the sulfur bonds. This means that the study on the change of system energy before and after the
breakage of crossing bond is an important topic, and the model construction is the essential step. For this,
six models including two — chains of natural rubber (NR), two — chains of styrene — butadiene rubber
(SBR), eight—chains of NR periodic model and eight— chains of SBR periodic model were constructed in
this work, in which the main chains were linked by pure single sulfur or double sulfur or three sulfur

bonds. Under certain simulation conditions and by COMPASS force field, molecular dynamics simulation
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was made for titled systems. The system energy differences before and after the crossing bond breakage
were then calculated from molecular dynamics data. The results show that the data of two— chains of NR
model have good qualitative relationship, and after increasing simulated time and improving model periodic
arrangement, the data is more reasonable; But because the influence of non — binding effect surpassed
breaking energy and had negative value, especially double sulfur bonds data had major fluctuations, two—
chains of SBR model and eight—chains of SBR periodic model are unsuitable for energy difference compu-
tation in this topic. But, the data of eight— chains of NR periodic model is very reasonable and the fluctua-
tion of average single bond energy data and the deviation of breaking energy is small. Moreover, the size of
energy difference data completely accords with theoretical value orders, which shows eight—chains of NR

periodic model is suitable for research of breaking energy difference of sulfur bond in vulcanized rubber.
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Table 1  Simulation times set for different modeled systems

7 TP/ ps 2 71%: /ps
A 100 400 100 400
B 500 700 200 200

C. D 30 100 15 50
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Fig. 1 Six models of cross—linked rubber
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Table 2 System energy (kcal/mol) differences around the bond break

under different simulation times in system A kcal/mol
B 100 ps 400 ps
PR
T C—S S-S S$—S—S (C—S S-S S—S—S§

Al 20.66 17.59 19. 99 22.16  43.99 13. 25
A2 9.35 25.03 0.55 12.48  20.53 12. 87
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Table 3 System energy (kcal/mol) differences around the bond break

under different pre—equilibrated times in system B

kcal/mol
o 500 ps 700 ps
C—S S—S S—S—S C—S S—S S—S—S
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Table 4 System energy (kcal/mol) differences around the bond break in system C in the single bond case keal/mol
Hom 30 ps 100 ps
- A/l A/2 A/3 A/4 A/8 A/l A2 A/3 A/4 A/8
S1 44. 306 52.781 54.437 48. 250 50. 554 61.33 50. 31 38.56 46. 28 23.70
S2 15. 746 14. 922 16. 141 24.374 18. 840 34. 38 7.29 29.73 18.52 15. 40
S3 26. 863 12. 653 10. 801 14.730 16. 197 16. 47 19. 68 6.02 15. 36 13.72
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Table 5 System energy (kcal/mol) differences around the bond break in system D in the single bond case kcal/mol
fom 30 ps 100 ps
A/l A/2 A/3 A/4 A/8 A/l A/2 A/3 A/4 A/8
C1 5.05 —7.71 2.49 10. 57 4.17 5.10 3. 60 9.43 9.25 3.55
C2 2.50 29.11 24.72 19. 67 11. 06 77.00 41. 02 35. 34 35.00 17.75
C3 —18.06 0.59 3.57 —1.72 —0.89 19.18 17.32 12.91 9.87 12. 28
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