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Control of Oxide Particle Size and Recrystallized Grain Structure
in Oxide Dispersion Strengthened Ferritic Steel

Takanari Oxupa

Synopsis

: The size change of oxide particles in oxide dispersion strengthened (ODS) ferritic steels was quantitatively evaluated

by X-ray diffraction and TEM. Althougth yttria (Y,O,) particles are thermodynamically stable and do not have any
solubility limit in 139 Cr steel, after 48h mechanical alloying (MA) by high energy ball mill, peaks of Y,Oj; or any other
peaks of precipitates were not observed. The size change of oxide particles was detected by small angle X-ray

scattering. Oxide particles became smaller with MA time. Small addition of titanium was very effective on refining
of solid solutioning of oxide particles. By heating of as-MA powders above 1273K, precipitation of new oxide particles
which were identified with yttrium and titanium bi-oxide. Recovery and recrystallization properties of ODS ferritic
steels were influenced by Y,O, and titanium content. Extrusion at low temperature was effective to make the grain

with low dislocation density and low aspect ratio.
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Table 1. Chemical composition of 13% Cr-3% Ti-
3%Y,0, oxide dispersion strengthened fer-
ritic steel (mechanical alloyed powder and
hot extruded bar).

(mass %)
Bement Fe Cr Ti Y203 o*
A steel Bal. 13.6 2.91 2.85 0.18
Bsteel Bal. 13.6 <0.01 2.90 0.09

O* means the oxygen content except in Y203.
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Fig. 1. X-ray diffraction profiles (Cu-K.) for Y,0;/
;Fi/Pl‘ﬁzO3 mixed powders annealed at 1133K
or lh.
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isl:1:1and (b)is1:2: 1.
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Fig. 2. X-ray diffraction profiles (Cu-K) for 13%Cr-

3%Ti-3%Y,0, steel powders mechanically
alloyed for 48h.

(a) before the heat treatment, and after heat
treatment for 1h at (b)1173K, (c)1273K, (d)
1373K, (e)1473K, (f)1573K.
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Fig. 3. X-ray diffraction profiles (Cu-Ka) of 13% Cr-
3%Ti-3%Y,0, steel bar mechanically al-
loyed (MA) and hot extruded at 1123K: (a)
MA for 3h+extrusion, (b) MA for 6h+ex-
trusion, (c)MA for 24h-+extrusion, (b) MA
for 48h+extrusion

Fig. 4. TEM of a thin foil of the mechanically
alloyved (MA) 13%Cr-3%Ti-3%Y,0; steel
powder.

(MA for 48h, The thin foil is prepared by an
ion milling.)
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Fig. 5. Effect of mechanical alloying time on the
size distribution of oxide &)articles in
mechanically alloyed (MA) 13%Cr-3%Ti-
3%Y,0, powders. (A : MA for 3h, O: MA
for 6h, @ : MA for 24h, [1: MA for 48h, I :
Y,O, particles before MA)
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Fig. 6. Effect of annealing temperature on the size
distribution of oxide particles in 13 % Cr -
3%Ti-3%Y,0; powders mechanically alloyed

. for 48h.
(O: before the heat treatment, and after
heat treatment for lh at @: 1273K, V:
1473K, < 1573K)
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Fig. 7. Effect of annealing temperature on the size
distribution of oxide particles in 13 % Cr-
3% Y,0, (Tifree) powders mechanically alloyed
(MA) for 48h.
(CJ: before the heat treatment, and after
heat treatment for 1h at @: 1273K, V:
1473K, <1 1573K)
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Fig. 8. Anisotropy of creep rupture strength of the oxide dispersion strengthened 13%Cr-Ti-Y,0; ferritic steels..

Table 2. Chemical composition of 13%Cr-2W-0.4 Ti - 0.23Y,0,
oxide dispersion strengthened ferritic steel (hot extrud-
ed, cold rolled and annealed plate).

Bement C Si Mn Cr w Ti Y203 o

Mass% | 0.05 | 0.05 | 0.40 | 12.35 | 2.05 | 0.43 | 0.23 0.07

O* means the oxygen content except in Y203.
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Fig. 9. Effect of extrusion temperature on the recrystallization behavior of 13%Cr-2%W-0.4%Ti-0.23% Y0, oxide
dispersion strengthened ferritic steel. (MA for 48h+hot extrusion+20% cold roll+heat treatment at
1423K for 1h. Extruded at (a)1423K and (b)1123K)
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Fig. 10. TEM of the recrystallized 13%Cr-2%W-0.4%Ti-0.23%Y.,0, oxide dispersion strengthened ferritic steels
(MA for 48h+hot extrusion+20% cold roll+heat treatment at 1423K for 1h. Extrg'uded at (a)1423K and

(b)1123K)
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