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Fig.2 Size of the container for consolidation
of MM'ed powder.

Fig.l Schematic illustration of specimens preparation procedure.
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Fig.3 Shape and dimensions of specimen for fatigue test.

a) smooth specimen. b) notched specimen.
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Fig.4 Relationship between Vickers hardness of the mechanically

milled powder and mechanical milling time.
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Fig.5 Change of X-ray diffraction spectra by he mechanical

milling.
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Fig.6 TEM images of the consolidated bar at 873K. a) and b)
are the cross sectional bright field and dark field images
respectively. ¢) and d) are the longitude sectional bright
field and dark field images respectively. e) is selected area

diffraction pattern taken from the cross section.
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Fig.7 The titanium oxide observed in the ultra fine grained matrix.

a) is TEM micrograph. b) is the EDS spectra.
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Fig.8 The elongated coarse grains observed in the longitude
section of the extruded bar. a) , b) and ¢) are SEM, TEM
bright field and dark field images respectively.

FER & ARG - AMERBER EZRT. WTHORBRA b
20GPa U Lot THRWBIBRME 2R L7TeDbH, < Ui
T TODLEEBNICZE > TRY, W TEVIRE &+ 72 kM
EWIN L TCWD I ENHANERSTZ, F, ZNHOMRE
LA BUR Tl b iR R B Bt O —D2 & L Tbh %

Fig.9 Nominal stress-strain curves of the ultra fine grained steel.

Tablel Tensile property of the consolidated bars.

Consolidated temperature HV 0.2% PS UTS Total EL
(K) (GPa) (GPa) (GPa) (%)
873 6.4 1.95 2.33 5.1
923 6.1 1.87 2.20 6.8
973 5.7 1.82 2.06 7.0
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Fig.10 Relationship between grain size and 0.2% proof stress.
Solid line represents the result reported by Takaki et al.

(7). Open circle is the result of this work.
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Fig.11 S-N curve of the ultra fine grained steels.
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Fig.12 Relationship between tensile strength and fatigue limit

Fig.13 Fracture surface of smooth specimen (a=1000MPa).
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