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Effect of Various Factors on Fatigue Properties of Nitrided Ultrafine Ferrite—Cementite Steels

Hisashi HIRUKAWA and Yoshiyuki FURUYA

Synopsis : Rotating bending fatigue tests were conducted for a series of plasma-nitrided ultrafine ferrite-cementite steels 5 types of the ultrafine ferrite—
cementite steels, i.e., 15C, 45C, 15C-P, 45C-P and low-Mn, were prepared with a double-melting method to improve their cleanliness. 15C
and 45C contained 0.15 and 0.45 mass% of carbon, respectively. 15C-P and 45C-P were 0.1 mass% phosphorus-added versions of them.
Low-Mn was a Mn-decreased version of 45C. All of the nitrided specimens had a hardened layer of 1 mm in depth, while the amount of hard-
ening was small in low-Mn. In case of 15C and 15C-P, the hardness beneath the hardened layer largely fell due to grain growth during the ni-
triding, in contrast to 45C and 45C-P in which the grain growth was successfully suppressed. In the fatigue tests, due to the cleanliness im-
provement, inclusions never caused fish-eye fracture even in the nitrided specimens. Although the local stress amplitudes beneath the hard-
ened layer exceeded the fatigue limit expected from the local hardness, the nitrided specimens showed surface fracture only. The fatigue
strength improvements due to the nitriding were larger in 45C and 45C-P than 15C-P, and those improvements in 15C and low-Mn were neg-
ligible. These results meant that C-increase and P-addition improved the surface fracture properties. The results of low-Mn demonstrated that
the hardened layers of the nitrided specimens were strengthened by Mn nitrides.

Key words : fatigue; ultra-fine ferrite—cementite steel; plasma-nitriding; cleanliness improvement; Mn nitride.
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Table 1. Chemical compositions.

. Element (mass%)
Material
C Si Mn P S Ti
15C 0.16 0.31 1.51 0.010 0.003 | 0.005
45C 0.47 0.30 1.49 0.009 | 0.003 | 0.002
15C-P 0.18 0.30 1.48 0.117 0.003 | 0.006
45C-P 0.48 0.30 1.49 0.108 | 0.004 | 0.005
low-Mn 0.47 0.32 0.36 0.011 0.003 —

Table 2. Mechanical properties and diameter of ferrite
grain of base steels.

Yeild Tensile . Vickers | diameter of
. Elongation X X
Material stress strength hardness | ferrite grain
o, (MPa) | og(MPa) | 8(%) HV (1 m)

15C 954 954 13.0 307 0.41
45C 1037 1037 15.2 324 0.42
15C-P 1051 1051 11.5 305 0.41
45C-P 1145 1145 14.3 336 0.39
low-Mn 997 997 12.9 300 0.42
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Fig. 1. Microstructure of base steels.
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Fig. 2. Dimensions of specimens for fatigue tests.
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Fig. 3. Hardness distribution curves of nitrided specimen.
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(c)low-Mn

Fig. 4. Typical microstructures of nitrided specimen at a
distance of 0.1 mm from the surface.
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(a)15C

(c)low-Mn
Fig. 5. Typical microstructures of nitrided specimen at a
distance of 3 mm from the surface.
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Fig. 8. S—N properties of low-Mn.

Fig. 9. Typical FE-SEM fractographs of low-Mn broken at
1.2X10° cycles at 580 MPa.
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Table 3. Vickers hardness and summary of fatigue tests results.

Material Base Nitridied
Vickers hardness| Fatigue limit 6w/ HV [ Vickers hardness| Fatigue limit 6w/ HV
HV ow (MPa) HV oy (MPa)

15C 307 560 1.82 374 580 1.55
45C 324 560 1.73 415 720 1.73
15C-P 305 560 1.84 374 660 1.76
45C-P 336 620 1.84 431 780 1.81
low-Mn 300 560 1.87 325 580 1.78

* Nitrided specimen at a distance of 0.1 mm from the surface of a grip section.
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