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Table 1 Intrinsic properties of samples.

Sample Mooney viscosity P, PRI Ash content Volatile Nitrogen Long-chain fatty
ML (1+4) 100 °C (%) (%) content (%) content (%) acid content (%)
UP-NR 57.7 29.5 83.1 0.25 0.30 0.42 1.35
P-NR 57.5 29.5 79.7 0.27 0.31 0.43 1.35
DP-NR 48.4 26.5 79.2 0.26 0.30 0.40 1.31

Fig. 1 Industrial CT of samples: (a) UP-NR; (b) P-NR; (c) DP-NR.
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Table 2 M, M, and PDI of samples.

Sample M, (x10*g/mol) M, (x10*g/mol)  PDI
UP-NR 157.9 79.1 2.00
P-NR 150.2 71.5 2.10
DP-NR 115.9 59.6 1.94

Fig. 3 Molecular weight distribution of samples.
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Table 3 m, values of samples.

Sample my (My=4x10° g/mol)
UP-NR 0.93
P-NR 1.01
DP-NR 0.89
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Fig. 4 Distribution plot of branching number per chain
versus molecular weight of samples.
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Table 4 The parameters of cure characteristics of rubber

sample.
tio loo My M AM
Sample ) .
(min)  (min) (dN'm) (dN'm) (dN'm)
UP-NR  3.80 27.27 4.13 0.89 3.24
P-NR 3.95 28.93 4.09 0.90 3.19
DP-NR  3.75 27.93 4.05 0.88 3.17
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Fig. 5 Cure curves of samples.
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Fig. 6 The stress-strain curves of the vulcanized rubbers.

Table 5 The mechanical properties of the vulcanized rubbers.

Sample Tensile Elongation at Modulus at  Modulus at ~ Modulus at ~ Tear strength Hardness Resilience
strength (MPa)  break (%)  100% (MPa) 300% (MPa) 500% (MPa) (kN/m) (HA) (%)
UP-NR 14.60 836.75 0.56 1.09 2.15 21.1 33.0 66.6
P-NR 14.97 861.83 0.50 1.03 2.02 21.3 33.0 67.8
DP-NR 13.81 823.95 0.50 1.04 2.12 21.8 325 67.6
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Fig. 7 The calculation results of Mooney-Rivlin equation modified curve and tubular model: (a) oy -f (1) curves; (b) linear

fitting of oy -/ () curves; (c) calculation results of G, and G; (d) calculation results of ¥, and a,.
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Table 6 The dynamic mechanical properties of the vulcanized

rubbers.
Sample  Temperature rise (°C)  Compression set (%)
UP-NR 26.3 14.32
P-NR 21.0 7.16
DP-NR 20.7 7.60
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Fig. 8 The compression heat generation curves of the

vulcanized rubber.
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Fig.9 Results of cyclic tensile tests for the vulcanizates: (a) Strain-increasing cyclic tensile curves; (b) Calculated energy

dissipation.

3 %t

o R R I ARARBER T 3 AN [ A n 2 T
2, WIUHIHMBE R RRRIL G5 SIERERIRZ T,
GURRW]: STES TR B A AR E R RI/E
AR AL 7y, e T HEAC RIS U1 4
DAL B R AW EL AR . 2 Fh b 27 A8
A 8RR A S LR S s N LI R, A
TREIAE, TERHEXEREE. TR
WAEPETE WSS, 1T AL B2 IE RS0y

TR, RS E. »TEA s
FETRE. FR, 3765 T AL A f i fH R R
SRR 0 12 e, HARER JE RE S 304
FERETEAL. 4R B, AR T T ZESXMER R
IR IE S5 R SR RE = A= e, b Rem 3L H AR
WA E I TR A i) it RE L LR RS
FARG AT T 4T B AL B 8RBy, SRt
I T2 B B R R ARG A7 e e
PESTHRE, NI AR e = 1 REAE 3 R ARG A sk
1P it

REFERENCES

1 Yunyongwattanakorn, J.; Tanaka, Y.; Kawahara, S.; Klinklai, W.; Sakdapipanich, J. Effect of non-rubber components on

storage hardening and gel formation of natural rubber during accelerated storage under various conditions. Rubber Chem.

Technol., 2003, 76(5), 1228-1240.

2 Yunyongwattanakorn, J.; Sakdapipanich, J. T. Physical property changes in commercial natural rubbers during long term

storage. Rubber Chem. Technol., 2006, 79(1), 72-81.

30 TEER, FBAAR, AERK. 2024 SEFRE RRGI A TE M AR . & B K Rk, 2025, (2), 17-22.
4 Men, X.; Wang, F.; Chen, G. Q.; Zhang, H. B.; Xian, M. Biosynthesis of natural rubber: current state and perspectives.

Int. J. Mol. Sci., 2019, 20(1), 50.



8 [T A = 4

5 AT, FUR, ZiRAE, R, TR, B, SERAE . I L L EX RIRGI T A5 R A R I RE I . AR Tk,
2024, 71(8), 610-615.

6 Yu, Y.; Qi, H. M.; Wu, M.; Wang, H. Z.; Zhang, X. Q.; Xin, Z. X. Green modification approach using novel viscosity
stabilizer for inhibiting storage hardening of natural rubber. Polym. Adv. Technol., 2025, 36, ¢70083.

7  Nimpaiboon, A.; Amnuaypornsri, S.; Sakdapipanich, J. T. Obstruction of storage hardening in NR by using polar chemicals.
Rubber Chem. Technol., 2016, 89(2), 358-368.

8 BKEEMy, ZAwE, AR, ARIR, AR L ERG AR 5 HU R ARG IR VERE IR . AR Tk, 2019, 66(9), 675-678.

9 kR, FSE, AR, M, S, BT, BRZE . ERE KRR AE R IR R B T B SR AT AL M Tk, 2022,
69(3), 213-217.

10 Ehabe, E. E.; Bonfils, F.; Sainte-Beuve, J.; Collet, A.; Schué, F. High-temperature mastication of raw natural rubber:
changes in macrostructure and mesostructure. Polym. Eng. Sci., 2006, 46(2), 222-227.

11 Ehabe, E. E.; Nkeng, G. E.; Collet, A.; Bonfils, F. Relations between high-temperature mastication and Mooney viscosity
relaxation in natural rubber. J. Appl. Polym. Sci., 2009, 113(5), 2785-2790.

12 Pike, M.; Watson, W. F. Mastication of rubber, I. Mechanism of plasticizing by cold mastication. J. Polym. Sci., 1952, 9(3),
229-251.

13 Li, Y. P; Wang, H. Z.; Li, G. R.; Peng, W. F; Lin, H. T.; Liao, X. X.; Liao, L. S. Structural evolution of natural rubber
during mechanical mastication: effects of molecular weight distribution and constant viscosity treatment. J. Appl. Polym.
Sci., 2025, 142(45), e57723.

14 Kim, C.; Morel, M. H.; Beuve, J. S.; Guilbert, S.; Collet, A.; Bonfils, F. Characterization of natural rubber using size-exclusion
chromatography with online multi-angle light scattering. J. Chromatogr. A, 2008, 1213(2), 181-188.

15  Bonlfils, F.; Doumbia, A.; Char, C.; Beuve, J. S. Evolution in the natural rubber native structure and plasticity retention
index from the first tapping of clonal trees. J. Appl. Polym. Sci., 2005, 97(3), 903-909.

16 Kim, C.; Beuve, J. S.; Guilbert, S.; Bonfils, F. Study of chain branching in natural rubber using size-exclusion
chromatography coupled with a multi-angle light scattering detector (SEC-MALS). Eur: Polym. J., 2009, 45(8), 2249-2259.

17 Yun, D. H.; Peng, W. F;; Lin, H. T.; Liao, J. H.; Liao, L. S. Accelerated storage induced structural evolution in natural
rubber: a comparative study of two constant viscosity treatment methods. Polymers, 2025, 17(7), 960.

18 Huang, C.; Huang, G. S.; Li, S. Q.; Luo, M. C.; Liu, H.; Fu, X.; Qu, W,; Xie, Z. T.; Wu, J. R. Research on architecture
and composition of natural network in natural rubber. Polymer, 2018, 154, 90-100.

19 EHE FERE, TR, B/NE, BUgA . P SRR iR 450 R I S5 1 SRR AL . @ T aE R, 2025,
38(3), 496-503.

20 AT SKAR A, BRAS, B I RN ER, BIRRAE, BN L OK/IMGIR BT LU R ARG I SR RE R R . & T+

HAFE 5 142, 2022, 38(5), 24-31.

Research Article
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Abstract High-end damping sector of China relies heavily on imported constant-viscosity natural rubber (CV-NR)

products. Differences in processing technology between domestic and imported CV-NR lead to the poor storage
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stability of domestic CV-NR, which in turn affects its structure and properties. In this study, three distinct post-

processing approaches, namely non-baling, baling, and dry-mixed baling, were applied to the CV-NR. The

intrinsic properties, micro-mesoscopic structure, and mechanical properties of vulcanizates were characterized to

investigate the effects of different processing techniques on the structure and properties of CV-NR. The results

demonstrated that the baling treatment exerted no significant influence on the intrinsic properties and micro-

mesoscopic structure of CV-NR. In contrast, dry-mixed baling treatment reduced the Mooney viscosity, plasticity

initial value, macrogel content, molecular weight, and branching degree. Furthermore, both baling and dry-mixed

baling treatments showed negligible effects on the conventional mechanical properties of CV-NR, whereas the

dry-mixed baling treatment imparted superior dynamic mechanical properties to CV-NR.
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