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Practical Use of Microbeam Analysis in Development of PVD Coatings
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Abstract:

Recently higher performance new films by physical vapor deposition (PVD) coating are expected to achieve longer
life of cutting tools, metal molds, machine parts, and other materials. These films are expected to introduce new
working methods such as dry milling for high-speed steel (HSS), mold pressing for ultra high tensile strength steel
and net shape cold forging. To commercialize such higher performance new films, JFE Precision has developed PVD
coatings with multi-layer and/or nanosized-layer films named SX Series and VSX® Series in collaboration with JFE
Steel. For the research and development, practical use of advanced analysis technologies is essential. Because precise

surface analyses of worked films and sectional structure analysis of produced films are very important for basic data

for the research and development.
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Fig. 1 History of physical vapor deposition (PVD) coating
development in JFE Precision
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Fig. 2 X-Ray diffraction (XRD) pattern of AICrN coating with
hexagonal close-packed (hcp) structure
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Fig. 3 X-Ray diffraction (XRD) pattern of modified AICrN coating
with face-centered cubic (fcc) structure
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Table 1 Properties of physical vapor deposition (PVD) coatings

Coating TiN TiCN TiAIN CrN AICIN TiSiN
Surface roughness R.=0.20 um|R.=0.20 ym | R, =0.30 ym | R, = 0.15 ym | R, = 0.15 yum | R, = 0.15 um
Critical load (by scratch test on high-speed steel (HSS)) 60 N 60 N 40N 80N SON 30N
Hardness 2200 Hny | 2800 Hmy | 3000 Hmy | 1800 Hmy | 3000 Hmy | 3700 Hmy
Oxidation resistance 450C 350C 800C 550C 1100C 1300C
Color Gold Blue gray Violet Gray Dark gray Copper
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Fig. 4 Progress of flank wear with AICrN coated tools
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Photo 1 Scanning electron microscope (SEM) image of surface
condition of TiCrN coating after 3 000 shots (a), energy
dispersive X-ray spectroscopy (EDS) mappings of W
(b), and Fe (c) corresponding to delamination of film
and metal adhesion, respectively
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Fig. 6 Die life of cold forging die coated with TiN, TiCrN, and
VSX®v
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Photo 2 Scanning electron microscope (SEM) image of surface
condition of VSX"-V after 20 000 shots
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Photo 3 High-angle annular dark-field (HAADF) image of the
cross-section of nano-layer
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Fig. 7 Line profiles of nano-layer measured by energy dispersive
X-ray spectroscopy (EDS)
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Fig. 8 Flank wear of tools with SX-W and vsx®v coating
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