S

aff

%4

#% & $R Vol 84 (1998) No.5

BZREAF—RTFHAEEFTHVILT VAR
THE{EBR T L AL LIU
BRI RITTRELIEEEDE

Wl

y’éﬁ * *ﬁEﬂ Tﬁ%*z . 'é‘-mg]k, —%—*3

Effects of Aging Temperature on the Microstructures and Mechanical
Properties of a Precipitation Hardening Martensitic Stainless Steel Containing Retained Austenite

Hideki Naxkacawa, Hirofumi Yokora and Toru Mivazaki

Synopsis : The influences of aging temperature on the microstructure formation and the mechanical properties were experimen-
tally investigated for the Fe-1.8Cu-15.9Cr-7.3Ni-1.2Mo-0.08Nb-low C, N steel which contained about 10% retained

austenite after solution treatment.

The main results obtained are as follows; The hardness change with aging is given from the balance of the
precipitation hardening due to e-Cu phase and the softening due to the formation of reverted austenite. The excellent
balances among the strength/ductility and the strength/toughness are obtained for the specimens aged at 813K and
853K for 14. 4ks., where the lamella structure consisting of the martensite and the reverted austenite phases are formed.
The process of inverse transformation of austenite is mainly controlled by diffusion of Ni-atoms, so that the Ni-atoms
are concentrated to the reverted austenite phase in twice of the alloy composition. The &-Cu precipitates which
contributes to the precipitation hardening hardly coarsen even at high temperature, for an instance 10nm in diameter

for the specimen aged at 813K for 14.4ks.

Key words : stainless steel ; precipitation hardening ; retained austenite ; reverted austenite ; lath martensite ; e-Cu phase ; ductility ;

strength ; toughness.
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Table 1. Chemical composition of steel. (wt%)

C Cu Ni Cr Mo Nb N Fe
0.0081.78 17.29{15.91{1.16 | 0.08 [ 0.0173 | bal.

([ Melting(t0n ]
v
( Ingot(2.6t) J
v
[ Rolling( ¢ 67.5) H Hot forging( ¢ 15) ]
¥

[ Heat treatments J ( Heat treatments ]

Tensﬂe test TEM observatlon
Charpy impact test Hardness test

X-ray diffraction

Fig. 1. Experimental procedure.
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Fig. 2. Variations in a)hardness and b) amount of
austenite obtained in the specimens aged for
various times at different temperatures.
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Fig. 3. Transmission electron micrographs of the
specimen aged at 753K for 14.4ks.: a) B.F.L,
bs)D.F.I. of austenite, ¢) S.A.D. pattern and d)
schematic S.A.D. pattern of ¢)
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Fig. 4. Dark field contrast showing the distribution
of austenite. : a) Aged at 813K for 14.4ks, b)
Aged at 853K for 14.4ks.

Fig. 5. Transmission electron micrographs of the
specimen aged at a)753K, b)813K and c¢)
853K for 14.4ks.
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Fig. 6. Influence of aging temperature on a)0.2%

vield strength and tensile strength and b)
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Fig. 7. Influences of aging temperature and notch
shape on Charpy impact value.
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Fig. 8. Arrhenius plot for the formation of reverted
austenite.
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of Ni in iron.
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Fig. 9. Variation in composition of the martensite
and the reverted austenite obtained in the
specimens aged for various times at 853K.
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