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Fig.2 Schematic diagram of PDC preparation process
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Fig.3 Microstructures of diamond powder (a) and carbon

nanotubes (b) after pretreatment
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Fig.4 XRD patterns of mixed raw material powder and carbon

nanotube
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Fig.5 Morphology (a) and EDS mappings (b-d) of cross section of PDC sample
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Fig.6 XRD patterns of PDC samples with different carbon nanotube contents (a), WC-16%Co matrix and PDC layer (b)
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Fig.7 Microstructures and EDS element mappings of carbon nanotube PDC with different carbon nanotube contents: (a) 0%, (b) 1.2%,

(¢) 1.4%, (d) 1.6%, and (e) 1.8%
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Fig.9 Macro-morphologies of PDC samples with different carbon nanotube contents after impact: (a) 0%, (b) 1.2%, (c) 1.4%, (d) 1.6%,

and (e) 1.8%
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Fig.10 Impact toughness of PDC samples with different carbon

nanotube contents
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Fig.12 Cross section microstructures of PDC with of with different carbon nanotube contents: (a) 0%, (b) 1.2%, (c) 1.4%, (d) 1.6%, and (e) 1.8%
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Fig.13 SEM images of 1.4% carbon nanotube toughened PDC: (a) crease deflection, (b) carbon nanotube bridging, and (c) carbon nanotube

pulling out
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Fig.14  Friction curves (a) and average friction coefficient (b) of

PDC samples with different carbon nanotube contents
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Effect of Carbon Nanotubes on Thermal Stability and Mechanical Properties of PDC

Gao Zhongtang!, Duan Di!, Peng Lamei?, Feng Deyou?, Wang Binqi2, Gao Zhiming!
(1. School of Mechanical Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)
(2. Shaanxi Taihe Intelligent Drilling Co., Xi’an 712000, China)

Abstract: The higher requirements are proposed for the thermal stability and impact toughness of drill bits due to the increasingly complex
environment of modern oil and coal mining. Polycrystalline diamond composite sheet (PDC) is the core parts of the drill and has a direct
impact on the service life of the drill. The PDC always fails in actual working conditions owing to poor thermal stability and fracture.
Carbon nanotubes have excellent mechanical properties, chemical stability and thermal stability. Carbon nanotubes are introduced into
PDC layer, which can solve the problems of poor impact toughness and poor thermal stability of PDC. Carbon nanotubes were used as the
reinforcing phase and added into PDC. PDC composites were prepared under high pressure and high temperature (5.5 GPa and 1300 °C),
and the sintering time was 90 s. The effects of carbon nanotubes on mechanical properties and thermal stability of PDC composites were
analyzed, and the microstructure, element distribution and phase composition of PDC composites were characterized. The results show that
the impact toughness of PDC with 1.4wt% carbon nanotubes increases from 400 J to 550 J, which is 37.5% higher than that of original
PDC. The increase in impact toughness of PDC composites is attributed to the removal and bridging of carbon nanotubes during crack
deflection. The thermal stability of PDC with 1.6wt% carbon nanotubes increases from 704 °C to 813 °C, and the friction coefficient
decreases from 0.064 to 0.048. The wear ratio reaches 159.69x10%, which is 59.64x10* higher than that of the original PDC.

Key words: polycrystalline diamond compact; carbon nanotube; impact toughness; thermal stability; friction coefficient
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