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Fatigue Properties of Plasma Nitrided Ultrafine Ferrite-Cementite Steels

Hisashi HIRUKAWA, Yoshiyuki FURUYA, Saburo MATSUOKA, Shiro TORIZUKA and Hideyuki KUWAHARA

Synopsis : Fatigue tests were conducted for a series of plasma-nitrided ultrafine ferrite—cementite steels under rotating bending. The plasma-nitriding
was conducted at 500°C for 16h. 4 types of the base ultrafine ferrite-cementite steels were prepared, i.e., 15C, 45C, 15C-P and 45C-P. 15C
and 45C were contained 0.15 and 0.45 mass% of carbon, respectively. 15C-P and 45C-P were 0.1 mass% phosphorus-added versions of them.

All of the nitrided specimens had a hardened area of 1 mm in depth and many of the nitrided specimens showed internal fracture in and be-

neath the hardened area in the rotating bending fatigue tests. In case of 45C and 45C-P of the nitrided specimens, the fetrite grains success-

fully remained ultrafine and the fatigue strengths were largely improved by the plasma-nitriding. On the other hand, the ferrite grains beneath

the hardened area were enlarged in case of 15C and 15C-P during the plasma-nitriding and increase of fatigue strengths were small. Although

the origins of the internal fractures were inclusions located in and beneath the hardened area, fatigue strength of the nitrided specimens ap-

peared to be dependent on hardness at around the origin. In nitriding the ultrafine ferrite—cementite steels, therefore, preventing the ferrite

grain growth beneath the hardened area was required to improve the fatigue strength. For this purpose, precipitation of particles, such as ce-

mentite, was found to be useful to pin the ferrite grain boundaries.

Key words: fatigue; ultra-fine ferrite—cementite steel; plasma-nitriding; ferrite grain boundary; fish-eye fracture.

1. &8

T34 MR T 254 b 8= 4 MO EHREL,
BEYRENEZX S -00mEge LT, BEE, &6,
iy, 28—=F 4 F ROWIREILS ST oh, %< OW%ERH
BAME IR TVWAE™, 7254 b 28— 4 MIZHE
H¥ 2% L5E®ED LIS 2 HEFIRE DR Eicid S —
74 b+ REMELE D EVECHHRIE BN TH S & @t
BT 529,

MR LI DOWTIE, BETEHIumlFTO 7 =254 b
WaRkEsE 272954 b—k AV 24 MHOBRRBIED
ENTHY, WE - MEFIEEEIC W TERME Y
O—LEHEIZED, NSO T 254 PREE L upm L
TIZAIL - B3 A #Er LT 521, Fig. LIZZD K
5 EABBHI T £ T4 b—X AV 24 FHRESROFEIR L 5
IERRE OB AN 12, Fig. 11213, SMEMEY 7 -
A2y — FBIOTEENST T4 b - 8—F 4 ML BRE
L7494 POBREMHETRLE, Bl =7
4 b=tk Av a4 MABROKERIET T4 L - =T 4
FRHONSYFEDEELS, BRLIILT VA PO Y
N FRRFEICAE L T3,

—F, MMM T =54 b—kA A4 MBSO X 5k
B EREREL A XS oIS BERRKFO XK LH %
T ZenRETHS, LrL, Z0IBEREITyET
DB L 7 5728, BHMHEKOHERSATETH 5, £
MUK L, S{LiE 500°CHIBDEEIMTHRETH 0, I
Ll RAEE LB Z Lok, HHTZ2AREELH 5,
7720, Bbo & A REUEE % fiE U 22 8T L e

600
LUltra fine ferrite-cementite steel' !>
= 500
n-‘ -
s °
400
5 ® AN 5 =0430,
o 0 4,=0.5303 7S (ferrite/pearlite)
"E 300 (Tempered martensite) &
= L &0
Q
52000 S
& r ”.-”” Fatigue data sheets'**'®
100} fPiad O Carbon steels normalized
| s A Carbon steels quenched-tempered
7~ VI Low alloy steels quence]d-lemperei
0 1 L 1 1 L 1 1 i 1
0 500 1000

Tensile strength, 0 5 (MPa)

Fig. 1. Fatigue limits of ultrafine ferrite—cementite steels
plotted against tensile strength, together with fa-
tigue data sheets.
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Table 1. Chemical compositions.

Element (mass%)

jal
Materia c Si Mn P S Ti
15C_ | 014 | 031 | 151 | 0001 | 0.001 | 0.004
45C_ | 043 | 031 | 150 | 0.001 | 0.001 | 0.001

15C-P 0.14 0.30 1.48 0.093 | 0.001 0.009
45C-P 0.45 0.30 1.49 0.100 | 0.001 | 0.001

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

Yeild Tensile . Vickers | diameter of
. Elongation X :

Material stress strength hardness | ferrite grain
0y, (MPa) | 65 (MPa) 5 (%) HV (1 m)
15C 829 842 17 286 0.45
45C 920 952 17 300 0.43
15C-P 926 926 13 308 0.43
45C-pP 1020 1048 15 339 0.44
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Fig. 2. Microstructure of base steels.
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Fig. 3. Dimensions of specimens for fatigue tests.
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Fig. 4. Hardness distribution curves.
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Fig. 5. Typical microstructures of nitrided specimen at a distance of 0.1 mm from the surface.
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Fig. 6. Typical microstructures of nitrided specimen at a distance of 3 mm from the surface.
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Fig. 9. Typical FE-SEM fractographs of fish-eye. (a) is 15C broken at 1.2X10° cycles at 580 MPa. (b) is 45C broken at 4.9X10°
cycles at 670 MPa. (c) is 15C-P broken at 1.6 10° cycles at 640 MPa. (d) is 45C-P broken at 1.0X 10° cycles at 740 MPa.
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Table 3. Diameter of ferrite grain, Vickers hardness and
summary of fatigue tests results.

Material | Diameter of | Vickers Fatigue limit
ferrite grain | hardness (MPa)
{um) HV Base metal | nitriding
15C 436 140° 480 540
45C 0.74 243 540 660
15C-P 26 174 520 560
45C-P 0.7 283 580 700

* Nitrided specimen at a distance of 3mm from the surface.
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