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Table 1 Formulations of control sample E, s and SBR-FRGs ?
(phr ®).

Sample ESBR  SSBR (674 DM S
ESBR-1.5 100 - 1.5 — 1.5
Es 100 - 2 0.6 6
E 100 — 33 1 10

Se — 100 2 0.6 6

Sio — 100 33 1 10

@ Other ingredients: ZnO, 3 phr; Sta, 1.5 phr; ® Content per
100 parts of rubber.
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Table 2 Formulations of control sample E40-1.5SA and
ENR-FRGs ? (phr).

Sample ENR40 ENRS50 SA
ENR40-1.5SA 100 — 1.5
LE,, 100 — 10

HE, 5 — 100 1.5
HE,, — 100 10

2 Other ingredients: Zn(Ac),, 10 mol% relative to the carboxyl
group; DMI, 1 phr.

il T2 BT AN A )2 S BGIR BE2 180 °C, AR
B FH RS IR B AR I PR 40RE, 90l A LE A1 HE AR
2 ENR40 Al ENR50 % ENR-FRGs #4767 4%, ¥
HAC N LEm B HEm, m{RFEAZEEFZE R (SA)
I &, ENR40-1.5SA NS W FEAARAT Tk f 2% .
1.3 SHEBKERNTE

TR 3 HIC 7 B AR R ) 45 1) 2 P FR Gs
FEFENL R I SR G, B 5 75 AH R BE T 4% 8
TcOO M5 IR Y, il 153 22 443 FLIR A A BEAE . JL
H, HH SBR-FRGs ffill % 1) 2 2H 73 #F i 4% IR N 1
FRGs Pk 4. 5 N—Fp B84 S-E, 5L
S-S, (x=6, 10), 5| N 2 BB H i N D-yE /2810 (3,
z=80, 60, 40, 20), 5| A 3 FH Ky ic N T-33/E,¢/33s¢/
33Sy0, 5l A 4 Fh iKY I8 N Q-WEgWE 1¢/wSe/wS1o
(w=25, 50, 75). & 3 Fl sk 19 2 A0 ENR ¥ &b

M ic A T-50LE,o/50HE, s/S0HE,,, Bt J5 A -
ENR40 100 phr, LE; 50 phr, HE,s 50 phr,

HE]O 507 DMI; lphl‘y Zn(AC)z, 03 phr

Table 3 Formulations of heterogeneous SBR samples * (phr).

Sample E Eo Se Sio
S-Eg 100 — — —
S-E, — 100 — —
S-S — — 100 —
S-Sio — — — 100

D-80E,(/20S — 80 — 20
D-60E,(/40S o — 60 — 40
D-40E,/60S, - 40 - 60
D-20E,,/80S,, - 20 - 80
D-50E,/50S¢ - 50 50 -
T-33E,¢/335¢/33S10 — 33 33 33

Q-25E4/25E,)/2558¢25S,, 25 25 25 25
Q-50E/S0E,/50S¢/50S,, S0 50 50 50
Q-75E(/75E,)/758¢75S,, 75 75 75 75

2 Other ingredients: ESBR, 100 phr; ZnO, 3 phr; Sta, 1.5 phr;
CZ, 1.5 phr; Sulfur 1.5 phr.
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1S037-2005 br#fEREAT, #HZJY 500 mm/min, fI
- M ) B K AR 24 200%.
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Fig. 1 Design of damping rubber with multi-phase network

via integration of functional rubber granules.
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Fig. 2 SEM images of (a) ESBR-1.5, (b) S-S,, (¢) D-40E, /608, (d) Q-50E¢/50E,/50S¢/50S .
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Fig. 3 AFM stress images of (a) ESBR-1.5, (b) S-S, (c) Q-50E4/50E,,/50S/50S .
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Fig. 4 Dependent curves of tand on temperature of (a)
ESBR-1.5 (matrix phase) and SBR-FRGs, (b) multi-phase
samples (S-E;;, S-S¢, D-50E,(/50S¢), (c) S-E;y, S-S;p, S-Ss,
T-33E,(/33S¢/33S,.
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Fig. 5 Effect of the relative content of two kinds of FRGs
(E pand S;,) on viscoelasticity of multi-phase samples.
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Fig. 6 Effect of total content of FRGs on the viscoelasticity

of multi-phase samples.
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Fig. 7 Physical photographs (a) and sound absorption
coefficients (b) of ESBR-1.5 and Q-50E/50E,/50S¢/50S ;.
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Fig. 8 (a) Stress-strain curves and (b) cyclic stress-strain curves of the matrix samples ESBR-1.5 and multi-phase samples

Q-wE¢/WE,o/wSg/wS .
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R R E m A Re. dE—20, DURERRRCE
DE K R AL Jak & A5 A4 BE I ek 75 2% R07, H DE

EBE, X EShReREAERS. THRAD)ITE
DEfH:

DE = h/(h+w) x100% (1)
H, nREWIGRE, D INEEih £k 5 0 # i 28 B
Rl AR, wARER AR e, RIED#Hh 425 x il
£ R R TR . 3 4 AR S &5 T 0 HERE AN 22 AR R il 1
FERERCE, BIANFRGs)a, ZAHFEMIIFERERIR
M 14 1% =R 30% £ 4. Sz, afLLE &5
FRGs & I e A5 i 1) 7 =X 17 5 b i) £ B A & hr
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PIVETERLH .

Table 4 Mechanical performances of multi-phase SBR samples.

Tensile strength

Stress at 100% strain

Breaking strain Hysteresis energy DE

Sample (MPa) (MPa) (%) (MJ/m?) (%)
ESBR-1.5 3.0£0.2 1.040.1 436211 0.25 14.1
Q-25E4/25E 4/2554/255 0 53202 1.520.1 280£10 0.98 28.1
Q-50E/50E 5/5084/50S 6.0£0.4 1.820.1 246+5 1.32 311
Q-75Ey/75E o/7584/75S 0 6.6£0.3 2.040.1 23542 1.45 29.6
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Manufacturing Damping Rubber with Wide Temperature Range via

Integration of Functional Rubber Granules

Si-qi Wei, Shuang-jian Yu", Si-wu Wu, Zheng-hai Tang, Bao-chun Guo®, Li-qun Zhang
(Institute of Emergent Elastomers, South China University of Technology, Guangzhou 510640)

Abstract Rubber damping materials with multiphase network structure were constructed by integrating and
combining functional rubber particles (FRGs) in the rubber matrix. Accordingly, a new strategy for preparing
damping rubber material with wide temperature range was proposed. The morphology of the multiphase materials
was characterized by scanning electron microscope (SEM) and atomic force microscope (AFM), proving that the
prepared composite materials exhibit a typical “sea-island” structure. Then, the effect of FRGs combination on the
viscoelastic properties of multiphase samples was explored, which demonstrated that this strategy of constructing
multiphase materials through interfacial co-crosslinking can elaborately integrate the viscoelastic properties of
different FRGs components while maintaining their relatively independent viscoelastic properties. By adjusting
the network structural parameters and relative content of the FRGs, the combination of loss peaks of each component
was achieved, and a wide temperature range damping rubber material was ultimately obtained. Further, sound
absorption testing indicates the potential application of this multiphase damping material in sound absorption and
noise reduction. In addition, the multiphase damping material also possesses excellent mechanical properties and
energy absorption and shock absorption capabilities. In short, this work proposes a simple and scalable preparation
strategy for rubber damping materials based on traditional rubber industry raw materials and blending processes,
providing new ideas for the development of high-performance rubber damping materials.

FRGs IIT

Raw rubber FRGs IT

FRGs1 Multiphase damping rubber

Keywords Functional rubber granules, Integrated combination, Multiphase structure, Wide temperature range,
Damping rubber
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