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Effect of Prior Austenite Grain Size on Strength and Toughness
of an Ultrahigh Strength Maraging Steel

Yoshikuni KAWABE, Seiichi MUNEKI, and Junji TAKAHASHI

Synopsis :

The prior austenite (y) grain sizes have been controlled in the range of 7~80 um using cold working—
recrystallization treatment, and these effects on tensile properties and fracture toughness have been in—

vestigated for a 2 750 MPa grade 17Ni—20Co—6Mo-1.5Ti maraging steel.
Tensile properties were strongly dependent on the prior y grain size.

Tensile strength and reduction

of area mainly exhibited a linear function of the reciprocal of the square root of the prior y grain size, but
the unstable fracture in a low stress level occurred without showing reduction of area when the prior y grain

sizes were coarser than a critical size.

size and the fracture mode was quasi—cleavage type.

Fracture toughness was almost independent of the prior y grain

Thus, it was concluded that the prior y grain size

had the pronounced influence on crack initiation but no or only a small effect on crack propergation.
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Table 1. Chemical composition of steel used. (wtgs)
& Si Mn P S Co Mo Ti Al Fe
0.006 0.006 0.001 0.003 0.004 16.61 18.75 5.76 1.53 0.026 bal.
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Fig. 1. Schematic diagram of cold working
-recrystallization treatment for controlling the
prior y grain size.
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Fig. 2. Effects of austenitizing temperature and
holding time on the prior y grain size. The
specimens were solution treated at 1250°C.
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Photo. 1. Optical micrographs, showing the effects of austenitizing temperature and

holding time on the prior 7 grain size.
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Fig. 3. Change of the prior y grain size as a
function of the Larson-Miller parameter T (c+
logt). (T : austenitizing temperature (K), ¢:
holding time(s), ¢ : constant). The specimens
were solution treated at 1050°C or 1250°C.

LTI D ThH, MEOIELDERThIZERELS LS
L DOTIREV. ZOWE»CHELAR IS, AL —
AT F 4 MEMBLETRIST 587 7 MR, Bt
BRESECIZ I DV SANIL BEENRAD R
7e.
3-2 SIRME S HEEY

Fig. 4 12, 1250°C BEEME Mo WT, BIER

— 147 —

§ 2800 I | |
£ o
- A O
= o=~ O——0—n
@2600———- \3;71‘\\5\ o]
L] \EI\ \\\e\
& 24001 o~ RS
T »
&
= 2200 —
o =
o
g
20 ©
- 5
Ji0 §
~gQ, Tt g
e S S W g
Holding time| . 0 g
— o] 2 min
& 3BHA 0
E o 80 -
o 30' T T A
E f.___E-__A-__A_____-A_-.A
o 25
< .
2 i} n
0 825 875 925 97%

Austenitizing temperature (°C)

Fig. 4. Effects of austenitizing temperature and
holding time on tensile properties and fracture
toughness. The specimens were solution treated
at 1250°C and aged at 525°C for 4 h.
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Fig. 5. Tensile properties and fracture toughness
plotted as a function of the reciprocal of the
square root of the prior y grain size for all the
specimens. Specimens were aged at 525°C for 4 h.
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Photo. 2. Scanning electron micrographs in nor-
mal rupture region of tensile specimen, showing
the effects of austenitizing temperature and hol-
ding time. Arrows point to intergranular fracture.
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Fatigue precrack

a) 850°C, 10min
Photo. 3. Scanning electron micrographs of frac-
ture surface at the tip of fatigue precrack in frac-

ture toughness specimen, showing the effect of
austenitizing temperature.

b) 950°C, 10 min
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Fig. 6. A.E. measurement during tensile test for
the specimen having the prior y grain size of 12 ym.
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