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Abstract

To enhance the mechanical properties of single-crystal diamond and augment the practicability and
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service life of single-crystal diamond tools, this paper undertakes experimental investigations on
two annealing methods, namely high-temperature and normal-pressure annealing and plasma an-
nealing of MPCVD single-crystal diamond, with the expectation of elevating the mechanical proper-
ties of the grown single-crystal diamond. The research reveals that both the crystal quality and me-
chanical properties of the single-crystal diamond subjected to high-temperature annealing are im-
proved. However, when a certain temperature and time are reached, the crystal quality and me-
chanical properties start to decline with the increase in processing temperature and time. This is
because a certain high-temperature annealing can effectively reduce the defects in the diamond
crystal and eliminate the internal stress, thereby improving the crystal quality and mechanical
properties. But when the annealing temperature or time exceeds a certain limit, new defects will
emerge, leading to the deterioration of the crystal quality and mechanical properties. Through the
comparison of the experimental data in this paper, it is found that the crystal quality and mechani-
cal properties of the single-crystal diamond after high-temperature and normal-pressure annealing
at 1400°C for 4 hours are the optimum.
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Figure 1. Flowchart of the experiment for high-temperature annealing treatment
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Figure 2. Raman spectra of monocrystalline diamond under different annealing time at high temperature and
atmospheric pressure
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Table 1. Half-height Width (FWHM) of Raman spectra of lower Single-Crystal Diamond at different time of annealing at high
temperature and atmospheric pressure
#* 1. SREERATENENTERENARSHIENESTEFEWHM)
B KEfE)/N P GEE 3h 4h 5h
@R /em™ 3.42 3.22 3.10 4.12
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Figure 3. Raman spectra of monocrystalline diamond at different temperatures after plasma annealing
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Table 2. Half-height Width (FWHM) of Raman spectra of monocrystalline diamond at different plasma annealing temperatures
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Figure 4. Schematic diagram of three-point
bending experiment (F is fracture load, L is
sample length, L: is span of lower fulcrum)
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Figure 5. Wear test diagram
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Figure 6. Comparison of mechanical properties of monocrystalline diamond under different annealing time at
high temperature and atmospheric pressure
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Figure 7. Comparison of mechanical properties of monocrystalline diamond at different plasma annealing
temperatures
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