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Development of High-strength and High-wear Resistance Nitrocarburizing Steel
by Precipitation Strengthening of Mo-V Carbonitride
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The project discussed in this paper developed a
nitrocarburizing steel that balances strength, wear
resistance, and workability. The hardness of the steel is
controlled as low as possible for machining after forging,
and the heat applied in the nitrocarburizing process is then
used to achieve high hardness in both the surface layer
and the base material. As a result, the developed steel
achieves at least 40% higher bending fatigue strength than
a conventional nitrocarburized steel. The balance between
high fatigue strength and workability in the developed steel
is realized through the exploitation of Mo-V carbonitride
precipitate strengthening. When the material is machined,
the Mo and V are in a state of solid solution, but during
the nitrocarburization process following machining, fine
complex Mo and V carbonitrides are precipitated in
lattices coherent with the base material, resulting in high
hardness. The fact that the compound layer that formed
during nitrocarburization was brittle and lacked ductility
represented a disadvantage in terms of abrasive wear,
and it was necessary to increase the toughness of the
compound layer in order to increase wear resistance. The
crystal grains in the compound layer were therefore refined
by promoting the precipitation of Mo and V carbonitrides
in the compound layer also, resulting in the realization
of greater toughness and increased wear resistance.
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Fig. 1 Layers of nitrocarburizing steel
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Fig. 2 Hardness distribution of conventional steel
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Fig. 3 Hardness distribution of developed steel
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Fig. 4 Precipitate strengthening ability: AHv of alloy
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Fig. 5 Transmission electron micrograph taken from
diffusion layer (0.05 mm depth) of
conventional steel after nitrocarburization

Table 1 Precipitate length and number at 0.05 mm

depth after nitrocarburization

Precipitate length
Mo,V-added steel 8.2 nm
Conventional steel 34.4 nm

Precipitate number (/um?)
3.8 x 10*
1.5x 10°
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Fig. 6 Energy dispersive X-ray spectrometry analysis
of conventional steel precipitate

Fig. 7 Lattice image of CrN precipitate
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Fig. 8 Transmission electron micrograph taken from
diffusion layer (0.05 mm depth) of Mo, V-added
steel after nitrocarburization

Cnts

150

100

50 4

Intensity (counts/40 sec)

Energy (keV)

Fig. 9 Energy dispersive X-ray spectrometry analysis
of Mo, V-added steel precipitate

Fig. 10 Lattice image of Mo-V precipitate
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Fig. 11 Transmission electron micrograph taken
from non-N diffusion layer of Mo, V-added
steel after nitrocarburization
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Fig. 12 Energy dispersive X-ray spectrometry analysis
of inside precipitate in Mo, V-added steel
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Fig. 13 Lattice image of Mo-V precipitate

Fig. 14 Transmission electron micrograph taken from
diffusion layer of conventional steel
compound layer

Fig. 15 Transmission electron micrograph taken from
diffusion layer of developed steel compound
layer
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Fig. 16  Energy dispersive X-ray spectrometry analysis
of precipitate in developed steel compound
layer
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Fig. 17 Hardness transition curve design after
nitrocarburization

Fig. 18 Mo-V precipitate in ferrite after forging
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Fig. 19 Relationship between Mo-V precipitate
strengthening ability and microstructure

Target
(= 0.25 mass%)

. N
0 0.10 0.20 025 0.30 0.40
Vanadium (mass%)

Precipitate strengthening
ability AHv

Fig. 20 Relationship between vanadium content and
precipitate strengthening ability: A Hv

0.4

=295 Hv

[ Hardness (295 Hv) at 0.3 mm depth after
nitrocarburization

*Target

0.3

Vanadium (mass%)
o
n

<295 Hv

0 0.1 02 03 04 05 06

Molybdenum (mass%)
Fig. 21  Relationship between Molybdenum,
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0.3 mm depth after nitrocarburization
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Table 2 Chemical composition of developed and
conventional steel
(mass%)
C Si Mn Cr Mo \Y
Developed steel 0.20 | 0.50 | 1.85 | 0.20 | 0.20 | 0.20
Conventional steel | 0.48 | 0.30 | 1.45 | 0.10 - -
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Fig. 22 Geometry of rotating-bending fatigue test
specimen
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Fig. 23 Hardness distribution of test specimen after
nitrocarburization
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