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Effect of Methane Concentration on Deposition of Diamond Thin Films on
Cemented Carbide Micro End-Mill
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Abstract In order to improve the working life of micro end-mill, the diamond coatings were prepared by hot
filament chemical vapor deposition (HFCVD) method with various methane concentrations. Scanning electron
microscopy and Raman scattering analyses were carried out to characterize the surface morphology and coating
property. With the increasing of methane concentration, the secondary nucleation rate was enhanced and the
diamond grain size was decreased, which helped the diamond grain to embed into cemented carbide substrate
and improved film-substrate adhesion. Excess methane concentration weakened the etching ability of atom
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hydrogen on graphite phase, leading to higher fraction of non-diamond phase among diamond boundaries. While

the methane concentration was 3%, the diamond coating deposited on micro end-mill possessed high crystallinity,

good adhesion, more compact grains and low non-diamond phase. There was also no delamination occurred at

the edge of end-mill. This work not only benefit us from understanding the effect of methane concentration on

deposition of diamond film on cemented carbide micro end-mill and the mechanism of diamond film failure, but

also provides basis for optimizing the parameters for diamond deposition on end-mills.

Keywords hot filament chemical vapor deposition; diamond coating; cemented carbide; end mills; film-

substrate adhesion
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Table 1 Deposition parameters of diamond by hot filament chemical vapor deposition

L2 hEg (kW) SR (kPa) CHy © Ha (%) e ALK (mm) SR (T DU A (h)
IE 6.3 4 2 10 800 1.5
T2 6.3 4 3 10 800 1.5
T3 6.3 4 4 10 800 1.5
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Fig. 1 Surface morphologies of milling cutter and corresponding energy dispersive X-ray spectroscopy spectrum before

and after two step treatment
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Fig. 2 Surface morphologies of different parts of milling cutter after diamond deposition using process 1
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Fig. 3 Surface morphologies of different parts of milling cutter after diamond deposition using process 2
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Fig. 4 Surface morphologies of different parts of milling cutter after diamond deposition using process 3
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Fig. 5 Surface morphologies of different parts of milling cutter after diamond deposition using process 2
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Fig. 6 Raman spectra of diamond coating of milling cutter

using different processes
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