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Application of Controlled Cu Nano-Precipitation for Improvement in Fatigue Properties of Steels
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Abstract

In order toimprove fatigue properties of steels, it is essential to inhibit crack initiation and crack
propagation. Crack propagation mainly depends on the micro-order structure, for example, the grain
boundary and thetexture. To the contrary, crack initiation depends on the nano-order structure, for
example, precipitation, slip and dislocation motion. By the way, it isreported that Cu in steel exhibit
high resistance to fatigue crack initiation, but the mechanisms causing Cu to have this effect have not
yet been clarified in details. Thus, in order to clarify the mechanisms that make Cu in steel improve
fatigue properties of steel, dislocation structure and precipitates of Cu added steels under different
precipitation conditions have observed and analyzed with electron microscopy. Consequently, it isclari-
fied that reduction of the cross-dlip frequency by Cu solid solution or Cu cluster in steel retardsfatigue
crack initiation.
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Chemical compositions of investigated steels

Steel C Si Mn P S Al Ti N Cu
A 0.0018 0.01 0.20 0.004 0.004 0.04 0.05 0.0016 <0.002
B 0.0020 0.01 0.20 0.004 0.004 0.04 0.05 0.0016 151

Values in mass%

1200°C X 30min
1050°C X30min
FT=970C \
FT=930C
40°C/sec.
\ RT

150—40mm 40—5mm
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Process of hot rolling
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(a) Steel A (Cu free) (b) Steel B (Cu added)
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Optical micrographs of microstructure of investigated steels
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Heat treatment and expected Cu state of specimens

Specimen Heat treatment Cu state
A As rolled Cu free
B1 As rolled Solid solution
B2 550°Cx 60min Fine precipitation

98mm
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Dimension of the specimen for stress controlled fatigue
test (Plane bending test)

18R
w E
00 [ E £
o 3
gmm
< 98mm
TEM disk

0000000oO0o0oOoooo
Dimension of the specimen for strain controlled fatigue
test (Axial tension-compression test)
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Effect of heat treatment temperature on tensile strengths
of the two investigated steels
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Effect of heat treatment temperature on fatigue strengths at
2.0x 10° of the two investigated steels
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Relationship between tensile strength and fatigue strength
of investigated specimens
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Cyclic stress response curves at total strain amplitude, 0.3%
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Specimen B1

0.8 Investigated

Specimen A
0.7

Stress amplitude normalized TS O, /TS

Specimen B2
0.6 N=1000 \ ]
05 fracture
04 1 1 1 1
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Number of cycles normalized Nf N/Nf
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Cyclic stress response behaviors for the three investigated
specimens
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(Cu precipitation)
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TEM micrographs of specimens at 1/10Nf cycles
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TEM micrographs of ruptured specimens
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Distribution histograms of depth for slip steps on the surface of specimens
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Fatigue properties including substructure and surface condition

Specimen FSITS Cyclic response Substructure Slip steps
N=1000 Fracture
A (Cu free) 0.58 Gradually hardening Cell Cell Deep
B1 (solid solution) 0.69 Steady hardening Vein Vein Shallow
B2 (precipitation) 0.55 Softening from peak Planar-array Vein Shallow
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Schematic illustrations of slip steps growing into intrusions and
extrusions on the surface

0490

On matrix On dislocation

50nm

REPTPrAIAN

m
TE g gLy

Energy (keV)

ey
Energy (ke)

(a) TEM micrograph in a
dislocation. Arrowhead indicates
an analyzed point for the EDS.

(b) EDS spectra on matrix and in
a dislocation
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Results of the TEM observation and the EDS analysis
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Quantitative EDS analyses in Cu segregation at 1000 cycles

Specimen On matrix In dislocation
B1 (solid solution) 1.57 1.57
B2 (precipitation) 1.52 2.85

Values in mass%
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