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Table 1 Formulations of SBR/BR vulcanized composites *.
Sample TESIPB1  TESIPB2 TESIPB3  SIPB4

SR-1 - - - -
SR-2 5.0 - - -
SR-3 2.5 - - -
SR-4 - 5.0 - -
SR-5 - 2.5 - -
SR-6 - - 5.0 -
SR-7 - - 2.5
SR-8 - - - 5.0
SR-9 - - - 2.5

* Formulations (parts by weight): SBR, 70; BR, 30; other
rubber additives: stearic acid, 2; antioxidant RD, 2; antioxidant
4020, 2; sulfur, 1.5; accelerator CZ, 2; silica VN3, 60; zinc
oxide, 3.
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Table 2 Synthesis of ATPB 2.

HzOz/C:C EpOXy b Mn NMR d
Sample Nepoxy © ’
(mol%) (%) (10%)
ATPBI 10 5 3 3.70
ATPB2 15 9 4 0.60
ATPB3 20 17 4 0.55

a Reaction conditions: M, (PBD)=3x10* kg/mol, 4 g, solution,
DCE, 100 mL, 0.20 g of CPCPW,0,¢, 2 h, 50 °C, THF/n-
Hex (1:1), 100 mL, 2 h, 30 °C; ® Determined by 'H-NMR
o B 1(2.93)

C Epoxy = 75.93)+ 1(5.38)
100%; ¢ Determined by "H-NMR spectroscopy in CDCl;

spectroscopy in CDCl; at 25

o _13.40). . -
at 25°C, Nepoxy = 10.77) Determined by 'H-NMR
. o B 1(5.38)
spectroscopy in CDCl; at 25 °C, M, xmr = 7](2.47_2.51) X
1(3.40)
2x54+ 71(2.47_2.51) x 2 x 70+ 86.
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Fig. 1 'H-NMR spectra of ATPB, SIPB and TESIPB.
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Fig. 2 Synthetic route to SIPB.

Table 3 Synthesis of SIPB 2.

Sample BDSB HMM Carbonyl source
SIPBI 5 5 ATPB2
SIPB2 5 5 ATPBI1
SIPB3 10 0 ATPB1
SIPB4 10 0 ATPB2

2 Reation conditions: (n(BDSB) + n(HMM)):n(DMDMS):
n(ATPB) = 10:9:1, n(B(C¢F5);)=10 pmol, ¥, ;=100 mL, 25 °C.
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Fig. 3 Synthetic route to TESIPB.
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Table 4 Curing characteristics of silica-filled SBR/BR

vulcanized composites.

Sample My (AN-m) M, (AN'm) ¢, (min) t, (min)
SR-1 2.862 0.952 0.57 14.40
SR-2 2.556 0.740 433 12.95
SR-3 3.031 1.239 4.92 15.00
SR-4 3.128 0.939 0.55 20.75
SR-5 3.447 0.579 0.35 19.00
SR-6 2.970 1.044 2.83 17.57
SR-7 3.525 1.495 0.30 19.00
SR-8 2.900 1.320 0.47 12.72
SR-9 3.669 1.354 0.32 15.23
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Fig. 5 SEM images of silica-filled SBR/BR vulcanized
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Table 5 distribution of element contents of silica-filled
SBR/BR vulcanized composites (SR-1 and SR-2).
Atom (%)
o Si S Zn
SR1-1 71.25 16.41 10.44 1.41 0.49
SR1-2 67.88 13.48 15.56 2.56 0.52
SR1-3 70.85 17.20 10.40 1.11 0.44
SR2-1 63.99 21.60 11.97 1.97 0.47
SR2-2 71.43 15.42 10.70 2.17 0.28
SR2-3 66.87 19.20 11.37 2.20 0.29

Sample

T R .
LI EFIEA LR, SHERA R R RS
SN, i AL R RS I BE B, T —

composites (SR-1and SR-2).

W B R G AL AT IR TR 8 S ) BRAE AR R R A

SR2FEM 3G TR G BIEALME, W Zh(E6FIE6). SR-3FEM X3 TS B,

SLPB % 4 7%

FIFRAAHRIER, S T8 WSS AU R R Ik, SR-5FTSR-7

g ~otm B ; 2 g OHT
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Fig. 6 SEM images of silica-filled SBR/BR vulcanized composites (SR-3, SR-5 and SR-7).
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Table 6 distribution of eclement contents of silica-filled

SBR/BR vulcanized composites (SR-3, SR-5 and SR-7).

FE DXL P Zn S B S & WA S T AR X
I, FEXAAEmBA AL R R, RE51%

Sample — e IR REAS 52 4
SR3-1  63.99 21.60 11.97 1.97 0.47 2.6 SLPB X;J.Elﬁgﬁﬁ SBR/BR £ &7 i
SR3-2 7104 1603 967 296 030 HERERTR I
SR3-3  61.06 1980 796 257 86l J15 e R A AR B A M R RE I 2
SR3-1 1985 49.54 644 1579 837 fabr. K 7THME 7TICE THRIRE SR %40k
ST om0 ki, BEHASL BRTESPS
SR7-1 2167 4751 459 1852 771 FRIRE it SR-2~SR-7 HIFL AR 9 L& Gl g g, BT 2R Ao
SR7-2 7138 1545 1077 209 032 KARFIWAL R B E e X R T 24K 3
SR7-3  68.21 18.68 11.13 1.65 0.33 (1) TESIPB 4> FH A KEHSi—O0—Si M, 5
Table 7 Mechanical properties of silica-filled SBR/BR vulcanized composites.
Tensile strength Elongation at break Tear strength 300% Tensile strength Hardness
Sample (MPa) (%) (N/mm) (MPa) (HA)
SR-1 17.3£1.0 758 66.9 8.5+0.2 58
SR-2 21.2£1.6 1333 67.0 4.1+0.3 66
SR-3 22.7+0.1 1444 75.5 5.6+0.1 64
SR-4 18.5+0.7 1829 72.4 2.8+0.3 57
SR-5 18.6+1.3 1674 78.1 3.0+0.2 57
SR-6 20.7+£0.8 1662 72.9 3.7£0.3 62
SR-7 19.8+1.2 1600 75.0 4.2+0.2 60
SR-8 15.0+£0.2 1425 58.2 4.1+0.1 67
SR-9 18.1%1.1 1487 66.3 4.3+0.4 62
(a) (b)
25 o SR-1 25 o SR-1
SR-2 SR-3
20F SR 00 RS
—0— SR-8 —— SR-9
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Fig. 7 Tensile strength (a, b) and tear strength (c, d) of silica-filled SBR/BR vulcanized composites.
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Fig. 8 tand-T curves of silica-filled SBR/BR vulcanized
composites.

Table 8 Dynamic mechanical properties of silica-filled
SBR/BR vulcanized composites.
Sample T, (°C) tand| (0 °C) tand| (60 °C)
SR-1 -50.8 0.117 0.131
SR-2 -46.9 0.153 0.130
SR-4 -48.5 0.184 0.196
SR-6 -46.6 0.157 0.161
SR-8 -49.7 0.124 0.134
3 it

I8 1 Piers-Rubinsztajn = W J fe S0 AR A 2
G = AR R e A - T IR R,
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Abstract To improve silica dispersion in a non-polar styrene butadiene rubber/butadiene rubber (SBR/BR)
matrix and enhance composite performance, a polysiloxane-polybutadiene copolymer (TESIPB) with
triethoxysilane end groups was designed and synthesized as an interface modifier for silica-filled SBR/BR
composites. The effects of the copolymer on vulcanization, filler dispersion, mechanical and dynamic properties
were systematically investigated by adjusting its siloxane end groups, benzene ring content, and liquid butadiene
molecular weight. Results showed that TESIPB effectively inhibited silica agglomeration, promoted uniform
filler dispersion, and significantly improved tear strength and elongation at break. With 2.5 parts of TESIPB, the
composite achieved a tensile strength of 22.73 MPa, elongation at break of 1444%, and tear strength of
75.5 N/mm. Dynamic mechanical analysis indicated that an appropriate amount of TESIPB reduced tand at 60 °C
while increasing tand near 0 °C, enabling a balance between low rolling resistance and good wet-skid resistance.
This work offers a new strategy for high-performance green tire rubber composites.
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