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Milling procedure 

Filler with different particle sizes was obtained via ball milling at different rotation-

al speed. The detailed sample information is listed in Table 1. 

Table S1. Various milling parameters in designed experiments. 

Samples Milling media Rotational speed 

M1SiCB 

M2SiCB 

None 

None 

400 

600 

Table S2. Mechanical properties of the rubber materials.

 
Tensile strength 

(MPa) 

Stress at 300% strain 

(MPa) 

Elongation at break 

(%) 

NR/BR 3.57 0.80 679.43 

Preparation of MA grafted natural rubber (MNRx)  

The MNRx was prepared using a laboratory-sized internal mixer (RM-200C, Harbin 

Hapro Electric Technology Co., Ltd., Harbin, China). Maleic anhydride (MA) and di-

cumyl peroxide (DCP) (10 wt% of MA) were mixed with NR in an internal mixer at 100 

°C for 10 min. MA is used to functionalize the rubber matrix, and DCP is used to initiate 

the polymerization process. The interaction between NR and MA was further verified by 

FTIR spectra as shown in Figure S1. The new peaks in MNR at 1850 cm−1, 1780 cm−1, 1720 

cm−1 and 1631 cm−1 were observed. These bands can be assigned to the grafted anhydride, 

which are due to symmetric and asymmetric C=O stretching vibration of succinic anhy-

dride rings grafted on the NR molecule, respectively [1]. Therefore, the formation of graft 

copolymer of NR and MA was confirmed. 
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Figure S1. Infrared spectra of NR compared with MNR. 

Uniaxial cyclic tension test 

In order to illustrate the influence of the filler size and crosslinking degree on Mul-

lins effect, cyclic uniaxial tension tests were performed on three different filled NR/BR 

composites. Tests were run at a constant strain rate of 0.025 s−1. The samples were sub-

jected to a cyclic uniaxial tension test with the maximum stretching increasing every 2 

cycles. The stress-strain responses of different samples are shown in Fig.S2-8. It was ob-

served that the applied stress needed for the samples to reach a given level of strain de-

creased after the first loading cycles, which was also termed as softening or the Mullins 

effect. The softening increased progressively with increasing maximum strain, and the 

degree of softening varied with the sample types even under the same strain. After the 

first few cycles, the samples responded coincide as increasing the test cycles. 
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Figure S2. Stress-strain response of SiCB-NR/BR subjected to cyclic uniaxial tension: (a) ε = 0.5, (b) 

ε = 1.0, (c) ε = 2.0, (d) ε = 3.0. 

 

Figure S3. Stress-strain response of SiCB-MNR1/BR subjected to cyclic uniaxial tension: (a) ε = 0.5, 

(b) ε = 1.0, (c) ε = 2.0, (d) ε = 3.0. 
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Figure S4. Stress-strain response of SiCB-MNR2/BR subjected to cyclic uniaxial tension: (a) ε = 0.5, 

(b) ε = 1.0, (c) ε = 2.0, (d) ε = 3.0. 

 

Figure S5. Stress-strain response of SiCB-MNR3/BR subjected to cyclic uniaxial tension: (a) ε = 0.5, 

(b) ε = 1.0, (c) ε = 2.0, (d) ε = 3.0. 
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Figure S6. Stress-strain response of SiCB-MNR4/BR subjected to cyclic uniaxial tension: (a) ε = 0.5, 

(b) ε = 1.0, (c) ε = 2.0, (d) ε = 3.0. 

 

Figure S7. Stress-strain response of M1SiCB-NR/BR subjected to cyclic uniaxial tension: (a) ε = 0.5, 

(b) ε = 1.0, (c) ε = 2.0, (d) ε = 3.0. 
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Figure S8. Stress-strain response of M2SiCB-NR/BR subjected to cyclic uniaxial tension: (a) ε = 0.5, 

(b) ε = 1.0, (c) ε = 2.0, (d) ε = 3.0. 
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