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High-Strength Amorphous Carbon Composed of Onion-Like Structure Elements

OUYANG Wei', ZHANG Xiang', LIANG Zitai', LIU Bing', WU Yingju'?, LI Baozhong', SUN Lei', YING Pan', ZHAO Zhisheng'
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University, Qinhuangdao 066004, Hebei, China; 2. Key Laboratory for Microstructural Material Physics of Hebei Province, School of
Science, Yanshan University, Qinhuangdao 066004, Hebei, China)

Abstract: Amorphous carbonas one of disordered carbon materials usually exhibits different mechanical, electrical, optical and
thermal properties from crystalline carbon materials. Exploring high-performance amorphous carbon materials is always a research
hotspot. In this paper, a high-strength amorphous carbon composed of onion-like structural elements was reported. This kind of
amorphous carbon was obtained via treating carbon black at high temperature and high pressure (i.e., 1 700-2 000 C and 6 GPa),
which shows excellent mechanical properties. The nano indentation hardness, indentation elastic recovery, uniaxial compressive and
flexural strength of the sample with best performance are 5.1 GPa, 80.1%, 956.4 MPa and 216.0 MPa, respectively. The compressive
and flexural strengths of the amorphous carbon are 5.6 times and 2.8 times greater than those of Toyo Tanso ISO-68 graphite,
respectively. This kind of amorphous carbon also has a good conductivity, and its room-temperature resistivity can be as low as 75.7
puQ-m. This high-strength conductive amorphous carbon can be widely used as electrode and mold materials.

Keywords: amorphous carbon; high temperature and high pressure; onion-like structure; high strength
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Fig. 1 XRD patterns of samples obtained by treating carbon
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Fig. 3 HRTEM and SAED analysis of raw carbon black and amorphous carbon obtained at 6 GPa and 1 700 ‘C, 1 800 °C, 1 900 C

and 2 000 'C
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Table 1 Mechanical properties of samples synthesized at different temperatures
. . 5 Young's Nanoindentation Indentation elastic Compressive
Synthesis temperature  Density/(g-cm ~) Flexural strength/MPa
modulus/GPa hardness/GPa recovery/% strength/MPa
1700 C 2.16 45.2 5.1 82.3 953.2 206.6
1800 °C 2.17 45.6 5.1 80.1 956.4 216.0
1900 C 2.18 50.1 5.0 77.1 870.4 214.6
2000 C 2.18 50.4 4.5 71.7 856.6 205.1
1SO-68 Graphite!'” 1.82 132 0.88 171.5 76.4
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