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Evaluation of Yield Strength Taking Account of Particle Size-distribution in Particle Dispersion Strengthened Ferritic Steel

Tomoyuki KITAURA, Hideyuki HIDAKA, Toshihiro TSUCHIYAMA and Setsuo TAKAKI

Synopsis : Yield strength of particle dispersion strengthened ferritic steel is discussed in consideration of the size-distribution of particles in some imag-

inary models with different type of size-distribution and real materials of an Fe-C alloy and Fe—oxide alloys. Estimation of the mean particle

spacing (A) using the models has revealed that A strongly depends on the type of size-distribution: ideal distribution, nominal distribution and

log-nominal distribution, and that the influence of size-distribution on A becomes more significant with increasing size and volume fraction

of particles. This means that the size-distribution has to be considered for the correct estimation of the increment in yield strength (Ac) de-

pending on particle dispersion strengthening, especially in high strengthened materials. The Ac measured for the real materials was found to

be proportional to 47" regardless of the kind of particles by making an appropriate correction of the size-distribution of particles. Conse-

quently, the increment of yield strength due to particle dispersion strengthening was described as Ao [MPa]=64/A [um] in the iron-base fer-

ritic alloys.

Key words : particle dispersion strengthening; cementite; oxide particle; mean particle spacing.
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Fig. 1. Histograms showing distribution of particles in
ideal models: Ideal distribution (a), Normal distrib-
ution (b) and Log-normal distribution (c). Mean
particle size is set at 50 nm.

Table 1. The kind of particles and their volume fraction in
the steels used in this study.

Kind of Particles VOL‘;"I;‘;YIESES"“
Fe,C 0.025
Fe,0, 0.018
Y,0, 0.03
TiO, 0.03
TiO, 0.05
TiO, 0.07
TiO, 0.1
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Fig. 2. Schematic illustration showing dislocation bowing-
out between particles.
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Fig. 3. Schematic illustrations showing the square particle
distribution model.
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Fig. 7. (a), (¢) OIM and TEM images of the carbide dispersion steel annealed at 973K for 36 ks and (b), (d) 5 vol% TiO, disper-

sion steel annealed at 1473K for 3.6 ks.
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