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Abstract: Five solution styrene butadiene rubber/neodymium butadiene rubber (SSBR/NdBR) composites were manu-
factured using different ratios of SSBR and NdBR. In this study, the composites were reinforced with NdBR and silica to
confirm the physical properties of SSBR used for treads of automobile tires and the dispersibility with silica. The mor-
phologies of the rubber composites were observed using field-emission scanning electron microscopy (FE-SEM). The cross-
linking behaviors of the composites were tested using a rubber process analyzer (RPA), and the abrasion resistances were
tested using a National Bureau of Standards (NBS) abrasion tester. The hardness values, tensile strengths, and cold resis-
tances of the composites were also tested according to ASTM standards. Increased NdBR content yielded composites with
excellent crosslinking properties, abrasion resistances, hardnesses, tensile strengths, and cold resistances. The crosslinking
point increased due to the double bond in NdBR, thereby increasing the degree of crosslinking in the composites. The
NdBR-reinforced composites exhibited excellent abrasion resistances, which is explained as follows. In SSBR, a breakage
is permanent because a resonance structure between styrene and SSBR forms when the molecular backbone is broken
during the abrasion process. However, NdBR forms an additional crosslink due to the breakdown of the molecular backbone
and high reactivity of the radicals produced. In addition, the low glass transition temperature (Tg) of NdBR provided the
rubber composites with excellent cold resistances.
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Experimental
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H JLof| A AFE3E Y8 I F= solution styrene-butadiene
rubber (SSBR, Kumho Petrochemical, SOL-5270H, styrene
content; 21 wt%, vinyl content; 65 wt%, Mooney viscosity
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(NdBR, Kumho Petrochemical, NdBR-40, cis content; > 97
wt%, Mooney viscosity (100°C); 43, Tg; —100C)E AFESH4
2, B7A|Z A 7}H(Ultrasil 7000GR, Evonik Korea; BET
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Table 1. Fomulation of SSBR/NdBR Blends
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(unit : phr)
SSBR NdBR Silica CB Zn0O SA Sulfur CBS DPG
S100 100 0 80 12.8 3.5 1 3 1.5 1
S90 90 10 80 12.8 35 1 3 1.5 1
S80 80 20 80 12.8 3.5 1 3 1.5 1
S70 70 30 80 12.8 35 1 3 1.5 1
S60 60 40 80 12.8 3.5 1 3 1.5 1
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Table 2. Curing Characteristics of SSBR/NdBR Blends

M, (dNm) My (dNm) AM (dNm) ty (min) too (min) CRI (min™")
S100 9.48 66.63 57.15 2:22 21:48 123.5
S90 10.01 67.23 57.22 2:04 20:18 131.6
S80 12.64 69.24 56.60 2:01 20:31 129.7
S70 12.36 70.47 2:00 19:39 135.9
S60 12.78 77.05 64.27 2:00 17:48 151.9
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Figure 1. SEM images of SSBR/NdBR blends; (a) S100; (b) S90;
(c) S80; (d) S70; (e) S60.

Table 3. Hardnesses of SSBR/NdBR Blends
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Figure 2. Tensile strengths of SSBR/NdBR blends.
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Figure 3. Abrasion resistance test results of SSBR/NdBR blends.
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Table 4. Cold Resistance of SSBR/NdBR Blends

S100 S90 S80 S70 S60

No. of broken specimen
(=50C)

2 1 0 0

Atk HakA NdBRE A7 2404 2 Zo yohw
e 276k AL BT 4 AT o] Figure 30] Lie}
.

A
(=3

[
—
-_
o

DRI AL BaE vehEetE 4202 Hu
2 GekshA 183 S-S Yol 1R SHL g Het.
DRI AR ALOR ) HE R GeF w9l 24
& AawEst oAz Hete £F, 34 £% o T
2 oA Hol 2% APLEo| Fshe WA Ho] gt
A7} G} ol MREGA Y Te2t DU Vo] Gl
PR TEABLLE Tt $ehS eHyo] Fastet
NdBR®| Tggto] SSBRETLH Yooz NdBRE §HeF Z7l=
Yol F7kste AUE Zestych. Wy 34 Auks

Table 30 LeRY Tt
Conclusions

AE2} Efolo] EFEL 02 AR EL SSBRO B4 A
1} silica®}o] BAMYS &13517] 3 NdBR} silica®2 7}
st} A& AT NdBRE o] S71845 7ha
=7p kR A 7h e TE 7Rk B3-S Byt NdBRY| &
K 57h A U9 o] 2EY S712 7k Ao F7Fst

o2 Aok £ LEA} Fafof styrene T1F] H]
%01 Fastuz 25 o A A 727t Hof 7ha A7t
o187 He A= 7}11’559} 7ha=e] F7t o2 A7t
foh BmE2) $2 dvhe gt At via U5
24k Ao s eI B=et I E SHET=
7hal o} Blseet e HAT 24 Yl 0|52 ket
zue 12 Awet gEe] Zrk2 Yehgtt yupm
d 574 3= NdBRO| &% 5717t 3] 712 ettt 5
Qo2 EvtnEe Z7tE 2UF EYAE A= 24
o] WukE /o] &1, SSBRO| 7 ubiL X Fofj A 24} 5
H7F Bl 1 styrene¥} FHFEE ©|F7] 2ol HHE
o] ool F-3] A&H = v, NdBRE -9 £4 4]
7F oA A LY &2 WHEAHoR E T vt
=2 FA3}7) g2 Untm Ao o5tk Usta 24 2
= NdBRY| gl 371845 F2 2L B o=
NdBR9] Tg7} —10002 W7] fjioe] LB H o] Ter} o
opA A Wgtdol FE Aer daE



206

Dam-Hee Lee et al. / Elastomers and Composites Vol. 53, No. 4, pp. 202-206 (December 2018)

References

1. K. Sengloyluan, K. Sahakaro, W. K. Dierkes, and J. W. M.
Noordermeer, “Silica-reinforced tire tread compounds com-
patibilized by using epoxidized natural rubber”, Eur. Polym.
J., 51, 69 (2014).

. N. Rattanasom, T. Saowapark, and C. Deeprasertkul, “Rein-
forcement of natural rubber with silica/carbon black hybrid
filler”, Polym. Test, 26, 369 (2007).

. F. Saeed, A. Ansarifar, R. J. Ellis, Y. Haile-Meskel, and M. S.
Irfan, “Two advanced styrene-butadiene/polybutadiene rub-
ber blends filled with a silanized silica nanofiller for potential
use in passenger car tire tread compound”, J. Appl. Polym.
Sci., 123, 1518 (2012).

.Y. P. Wu, Q. S. Zhao, S. H. Zhao, and L. Q. Zhang, “The
influence of in situ modification of silica on filler network and
dynamic mechanical properties of silica-filled solution sty-
rene-butadiene rubber”, J. Appl. Polym. Sci., 105, 112 (2008).

.Y. Li, B. Han, L. Liu, F. Zhang, L. Zhang, S. Wen, Y. Lu, H.
Yang, and J. Shen, “Surface modification of silica by two step
method and properties of solution styrene butadiene rubber
(SSBR) nanocomposites filled with modified silica”, Comp.
Sci. Tech., 88, 69 (2013).

. J. Y. Park, “Effect of reactive compatibilizers on the morphol-
ogy and properties of SBR/NdBR/SiO, composites pepared
via sol-gel process”, Chonnam National University, thesis,
(2017).

. Yuan Fan and Ur Ryong Cho, “Reinforcement of solution sty-
rene-butadiene rubber by incorporating hybrids of rice bran
carbon and surface modified fumed silica”, Journal of Vinyl
& Additive Technology, 24, 195 (2018).

. H. S. Kim, “Wear and fatigue properties of carbon black rein-
forced SBR and BR”, Chonnam National University, thesis,
(2001).

.S. S. Choi and E. A. Ko, “Novel test method to estimate
bound rubber formation of silica-filled solution styrene-buta-
diene rubber compounds”, Polym. Test., 40, 170 (2014).

10. S. Wolff and M. J. Wang, “Filler-elastomer interaction. Part

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

IV. The effect of the surface energies of fillers on elastomer
reinforcement”, Rubber Chem. Technol., 65, 329 (1992).

. D. H. Kim, “Study on the low-temperature resistance of rub-

ber compound”, Chonbuk National University, thesis, (2004).
Li Xiang Xu, Oh Ji Hwan, Kang Shin Hye, Jang Sun Ho, Lee
Dam Hee, and Cho Ur Ryong, “Reinforcement effects of sul-
fonated bamboo charcoal-chitosan (sBC-CS) hybrid for sty-
rene-butadiene rubber latex”, Polymer(Korea), 41, 1 (2017).

S. S. Choi and G. Cho, “Influence of 1,2-unit contents on
retraction behaviors of SBR vulcanizates”, J. Appl. Polym.
Sci., 102, 4707 (2006).

K. W. Lim, S. C. Ji, and K. Y. Jung, “Advanced synthetic
technology for high performance energy tire tread rubber”,
Elast. Compos., 44, 232 (2009).

N. Suzukia, M. Ttoa, and F. Yatsuyanagi, “Effects of rubber/
filler interactions on deformation behavior of silica filled SBR
systems”, Polymer, 46, 193 (2005).

S. S. Choi and E. A. Ko, “Novel test method to estimate
bound rubber formation of silica-filled solution styrene-buta-
diene rubber compounds”, Polym. Test., 40, 170 (2014).

Y. Li, M. J. Wang, T. Zhang, F. Zhang and X. Fu, “Study of
dispersion morphology of silica in rubber”, Rubber Chem.
Technol., 67, 693 (1994).

S. Wolff and M. J. Wang, “Filler-elastomer interaction. Part
IV. The effect of the surface energies of fillers on elastomer
reinforcement”, Rubber Chem. Technol., 65, 329 (1992).

Z. Hua, W. Shishan, and S. Jian, “Polymer/silica nanocom-
posites: preparation, characterization, properties, and applica-
tions”, Chem. Rev., 108, 3893 (2008).

S. S. Choi, “Effect of bound rubber on characteristics of
highly filled styrene-butadiene rubber compounds with differ-
ent types of carbon black”, J. Appl. Polym. Sci., 93, 1001
(2004).

J. L. Leblanc, “Elastomer—filler interactions and the rheology
of filled rubber compounds”, J. Appl. Polym. Sci., 78, 1541
(2000).

S. S. Choi, “Filler-polymer interaction in filled poly butadiene
rubber compounds”, Eur. Polym. J., 38, 1265 (2002).



