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Abstract: Carbon black serves as an irreplaceable reinforcing filler in the rubber industry. The trade-
off between its hysteretic behavior and abrasion resistance represents a critical bottleneck limiting the
performance of new energy vehicle (NEV) tires. In this work, we synergistically tuned the key parameters
of carbon black's intrinsic structure and innovatively developed a theoretical framework for the balanced
structural design of carbon black. A low-hysteresis, high-abrasion carbon black (denoted as RX001) was
synthesized and incorporated into rubber compounds. Performance characterization results demonstrate
that RX001 enables the synergistic enhancement of low heat buildup and high abrasion resistance, with
exceptional performance in sustainable formulations: the 60 °C tano (a proxy for hysteresis) of RX001
is 8.7% lower than that of the commercial foreign benchmark E7 and 10% lower than that of N234;
the DIN abrasion loss is reduced by 21.7% (versus N234) and 15.3% (versus E7); the Akron abrasion
volume is decreased by 25.0% (versus N234) and 33.3% (versus E7), respectively. RX001 features
abundant microcrystalline structures and a rough topological morphology, which remarkably strengthens
the interfacial bonding interaction between carbon black and rubber, thus achieving the synergistic
enhancement of low heat build-up and high abrasion resistance properties.
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Table 1 Characteristics and specifications of carbon black
N234, N339 and N375
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(D) (D) (Sctap) (1)
N234  [118132]  [96,108] [109,125]  [115,131]
N339  [113127]  [93,105] [86,98] [103,119]
N375  [108,120]  [90,102] [89,101]  [107,121]
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Figure 1 Distribution and linear fitting of comprehensive
performance F versus carbon black high-structure equilibrium
index Cyq
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Table 2 Physicochemical parameters of carbon black E7, N234 and RX001

B o7k ﬂ&{ﬁa1ﬁ (D, E?ﬁﬂ%ﬂﬁlﬂﬁ (Do) WM LR Scrap)  F EUHREE (1) W A TR HhFTHIRA
(1073 m3/kg) (1073 m3/kg) (10° m?/kg) (%) (9/kg) (10° m?/kg)  (10° m?/kg)
E7 1.35 1.10 117 115 128 122 115
N234 1.25 1.02 117 123 125 119 112
RX001 1.39 1.10 93 107 94 91 89
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Figure 3 DMA curves of national standard formula rubber compounds filled with different carbon blacks: (a) storage modulus E;

(b) loss modulus E"; (c) loss factor tano
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Figure 4 DMA curves of green standard formula rubber compounds filled with different carbon blacks: (a) storage modulus E;

(b) loss modulus E”; (c) loss factor tand
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Table 3 Dynamic mechanical parameters of different rubber
compounds filled with E7, N234 and RX001

Mk zR  ®REAS  tand (0°C) tand (25°C) tand (60 °C)

E7 0.133 0.113 0.104

[ES) 7N ) N234 0.133 0.114 0.104
RX001 0.126 0.105 0.097

E7 0.143 0.139 0.138

e N234 0.143 0.138 0.140
RX001 0.141 0.132 0.126
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Table 4 Comparison of physical and mechanical property indices of carbon black E7, N234 and RX001

i 7 1 &R e FUBREE(N-m) R (%)  FofhsEfiE (MPa)  100% 5Efil (MPa)  300% & fif (MPa)
E7 102 421 27.8 53 19.7
EREZN N234 93 448 27.8 48 18.5
RX001 91 374 26.1 5.9 21.2
E7 75 501 21.7 34 15.9
S SEN iy N234 70 517 27.7 3.0 14.8
RX001 69 486 273 35 15.9
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Table 5 Comparison of wear resistance indices of rubber
compounds filled with E7, N234 and RX001

T J7 14 5 T DINEEFE(mm®) B STRE SRR (cm®)
E7 91.21 0.28
FEbREC 77 N234 93.74 0.33
RX001 89.35 0.32
E7 65.59 0.18
S EL T N234 70.93 0.16
RX001 55.52 0.12
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Figure 5 TEM images of carbon black E7 (a), N234 (b) and RX001 (c)
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Figure 6 AFM morphology of the interfacial binding layer in rubber composites filled with carbon blacks E7 (a), N234 (b), and

RX001 (c)
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