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Abstract: The polycrystalline diamond (PCD), sintered at a high temperature (1 460-1 500 °C) and pressure (5-5.5 GPa), consists
diamond particles and a cobalt binder. PCDs are widely used in geological and petroleum drilling systems, such as thrust bearings and

drill bits, owing to their high hardness, toughness, thermal conductivity, and wear resistance. In geological drilling, PCD tools are
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used in a complex boundary lubrication environment in which the relative humidity (RH) significantly affects the tribological
behavior and drilling efficiency. Coating diamond particles with strong carbide-forming elements has been proposed to strengthen the
interfacial bonding between the diamond and cobalt binder in PCDs, which influences the tribological behavior. However, the
tribological behavior of a PCD sintered by coated diamond particles at different RH levels, and the corresponding mechanisms, have
yet to be studied in detail. A titanium (Ti) coating with a thickness of ~500 nm was deposited onto diamond particles via magnetron
sputtering. The Ti-coated diamond particles were then sintered at high temperature and pressure to synthesize the Ti-PCD. The
tribological properties of the Ti-PCD were studied at 5%-50% RH. The Ti-coated diamond particles and Ti-PCD were analyzed by
scanning electron microscopy, X-ray diffraction, Auger electron spectroscopy, impact tests, and tribological tests. The wear
morphology of the samples was analyzed by an optical microscope, a Nano Map-D three-dimensional white-light interferometer, and
Raman spectroscopy. The results showed the formation of a titanium carbide transition layer between the diamond grain and cobalt
binder in the Ti-PCD. The as-obtained titanium carbide phase promoted the tribological behavior of the Ti-PCD under humid
conditions, including the reduction of the friction factor and enhancement of the wear resistance. The friction factor of the Ti-PCD
tested at different RH levels had a run-in period and steady state. The friction factor significantly fluctuated during the run-in period
and stabilized after ~8 min. The steady friction factor exhibited a rising trend with the RH level, increasing from 0.034 at 5% RH to
0.073 at 50% RH. The steady friction factor of the Ti-PCD at 5%-50% RH was affected by the carbonaceous transfer film on the worn
silicon nitride surface. A low steady friction factor was generally accompanied by a high transfer film-covering fraction. A continuous
transfer film induced by carbon hybridization was formed at 5% RH, leading to the lowest steady friction factor. A carbonaceous
transfer film was formed by the layer-shearing action of massive tiny diamond grains exfoliated from the Ti-PCD surface, which
significantly reduced the friction factor. The Ti-PCD surface was lyophobic, and the H,O dissociative passivation was weak. This
facilitated the formation of the carbonaceous transfer film, which reduced the friction factor by 30% compared with that of pristine
PCD (P-PCD) in humid environments. The wear rate of the Ti-PCD decreased from 2.4 X 107 mm?®/(N » mm) at 5% RH to 4 X
107 mm®/(N » mm) at 50% RH. Diamond exfoliation during the sliding operation dominated the wear loss of the PCD, leading to
massive spalling pits on the wear track. The Ti-PCD wear was much milder than that of the P-PCD, exhibiting the same turning trend
as the RH level. The wear rate of the Ti-PCD at 5% RH was significantly lower than that of P-PCD (9.1 X 10 mm®/ (N - mm)). The
high-temperature and high-pressure sintering of Ti-coated diamond particles significantly enhanced the wear resistance of the Ti-PCD.
The titanium carbide phase inhibited diamond exfoliation by strengthening the interface bonding, which involved transforming the
mechanical interaction between the diamond grains and cobalt binder into chemical bonding, thereby enhancing the wear resistance of
the Ti-PCD. These results indicate that the tribological behavior of the Ti-PCD in humid environments can be significantly improved
by introducing Ti-coated diamond particles, which mainly transfer the interfacial state of diamond particles and Ti-PCD. The
Ti-coated diamond particles were used to synthesize the anti-friction Ti-PCD. The results showed that the interface state between the
diamond grains and cobalt binder was strengthened by interfacial bonding, strength, and toughness reinforcement. This will be
significant in the fabrication and application of efficient and durable drilling equipment.
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Fig. 1 Typical characteristics of Ti-coated diamond particles
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Fig. 2 SEM image and XRD pattern of the Ti-PCD specimen
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Fig. 3 Friction factor curves and mean steady-stage friction factors of Ti-PCD/ Si;N, obtained at various RH levels
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Fig. 4 Three-dimensional surface topographies of the worn Ti-PCD operated at various RH levels
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(b) Wear rates of the worn PCD
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Fig. 5 Typical surface profiles across the wear tracks of Ti-PCD and wear rates of the worn PCD discs
tested at different RH levels
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Fig. 6 Optical images of the worn SisN, mating balls operated at various RH levels (X 20)
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Fig. 9 Comparison between transfer films covering
fraction and mean friction factor in steady-state as
a function of RH levels
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Fig. 10 Typical water contact angle measuring images of the PCD surface
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