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Properties of Bionic Rubber Reinforced by Silica/carbon Black
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Abstract  Silica/carbon black (CB) mixed filler is one of the fastest-developing novel reinforcement agents for
rubber materials in recent years, primarily employed to enhance the dynamic performance of rubber materials. In
order to explore the influence of hybrid filler ratios and mixing processes on the dynamic and static mechanical
properties of bionic rubber, two sets of experiments were designed: (1) with a fixed mixing time of 6 min, the bionic
rubber was filled with silica/CB fillers at different mixing ratios, and a systematic study of properties, such as
dispersion, tensile strength, fatigue and rolling resistance of the bionic rubber was conducted. The results show that
when the mass fraction of silica in the fillers is less than approximately 50%, the tensile strength decreases with

increasing the silica content, attributed to the decrease in the maximum cross-linking degree of molecular chains.
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However, with a further increase in silica content, the dispersion grade of vulcanizate increases from about 1 to about

9, leading to a reduction in filler agglomerate size and a significant increase in elongation at break and stretching
fatigue life. (2) Under fixed mixing ratio conditions (mass fraction of silica in the fillers is 75%) , the influence of
mixing time on its dynamic and static mechanical properties was studied. The results show that within the studied
mixing time range of 2—10 min, 4 min mixing significantly increases tensile strength, 300% modulus, and
elongation at break, while reducing rolling resistance. This is mainly attributed to the larger maximum cross-linking
degree of molecular chains and higher dispersion level and dispersion at this time. With a further increase in the
mixing time (6—10 min) , fillers in rubber tend to re-aggregate, leading to an increase in the mean agglomerate size
and a decrease in dispersion, negatively impacting the dynamic and static properties of the rubber.

Keywords Bionic rubber; Silica; Carbon black ; Dynamic and static mechanical property
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Fig. 1 Scorch time(a) and positive vulcanization time(b)(A), difference between maximum and minimum

torque(a) and maximum torque(b) (B), Mooney viscosity(C) of bionic rubber filled with different

silica content reltive to total fillers

w(silica) is the mass fraction of silica in the fillers.
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Fig.2 Dispersion grade(a) and dispersion(b)(A), white area(e) and mean agglomerate size(b) (B) of
bionic rubber filled with different silica content and storage modulus of vulcanized rubber
under different strains(C)

Inset of (C): the storage modulus difference between small strain and large strain of vulcanized rubber filled with
different silica content. From a to f, the silica mass fraction in total fillers are 0, 33%, 50%, 67%, 75%,

100%, respectively.
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Fig. 3 Dispersion diagram of fillers in vulcanizates
w(silica): (A) 0; (B) 33%; (C) 50%; (D) 67%; (E) 75%; (F) 100%.

213 AxREFSEMGERKD ARG P BRI SHT8] B AR AT RSB 25 A1
K. B TR, e R — e s, 2T RVEH AN R EOR, 70T BEE R
ATy Uy, WIS A e 5 SR 28 4 5] LRI, 75 28 RIS 1 A RERIR SR [ 452,
PuAfaR Bl AR . 1 4(A) s T AR 5 BB F ] 25 AF R ARAL RS AR PERE . Bl 1 5 B 5 i A
W%, BRALIEE BB AR B 2R, Sk AT RER DN O A & 5 RS AR TR SRR B R I, T

Chem. J. Chinese Universities, 2024, 45(4), 20230512 20230512(5/9)



T
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

IR ELAE T 08/ IME 50T BE S B AR I EL . 25 PR SRAESEOR) P I S 0 B0k i 50% I, B A e 1156
JER) T RS T . AN, BRI RIS IR R 1 300% & A W AR T2l B F
KT B FRIGHR NI, Fukahori & T — Mg FLRIE Y , 4% 75/ NRE AT 6 FEE R R URE ) Sh A
1 (SH)JZBONZEHC, UG REAONTA Z8 ) L) AR ke 32 B 5k s (BAE KA, w5 RERY SHIZKSZ T
RGILT PRI ) . B H B BB, Ty R RS, e AUk i Rl A= By s S 4 v e
i B RGN AR . IS A SR U B AR JEORE AR 25 52500 114 e PRI 30096 52 1N 1 5 e 4
R—2.

[
141-(A) 130 _ 620HB) daps 0076 _

2 S S
EF 1,42 3 000F —155€ goonf
== 12F s £ Te &
5 B S 580 | &g
%8 g = 1302 Zoo6sf
2% L 26%5 560 9 =g _/
235 7 D0 b {253 Eo.064r
gz \ 48 & 1/ &
& st = 50 1205 0.060f

1 1 1 1 1 1 1 — 1

0 20 40 60 80 100 0 20 40 60 80 100 020 40 60 80 100

wi(silica)(%o) wi(silica)(%) wi(silica)(%o)
Fig. 4 Tensile stress at 300% elongation(a) and tensile strength(b)(A), elongation at break(a) and

tensile fatigue life(b)(B) and loss factor(tané at 60 °C)(C) of bionic rubber with different
silica content in total filers
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Fig. 5 Scorch time(a) and positive vulcanization time(b) (A), difference between maximum and
minimum torque(a) and maximum torque(d)(B) and Mooney viscosity(C) of bionic rubber

with different mixing time
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Fig. 6 Dispersion grade(a) and dispersion(b)(A), white area(a) and mean agglomerate size(b)(B) of
bionic rubber with different mixing time and storage modulus of vulcanized rubber under
different strains(C)

Inset of (C) shows the storage modulus difference between small strain and large strain of vulcanized rubber with

different mixing time. From a to f, the mixing time of bionic rubber are 2, 3, 4, 6, 8, 10 min, respectively.
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Fig. 7 Tensile stress at 300% elongation(a) and tensile strength(b) (A), elongation at break(a) and
tensile fatigue life(b)(B) and tané at 60 “C(C) of bionic rubber with different mixing time
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