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Synopsis:

In order to strengthen and toughen the 350kgf/mm? grade maraging steel through thermomecha-
) nical treatment, the effects of processing variables in thermomechanical treatment such as total
». reduction, start and finish temperatures of rolling, on the properties of 10Ni-18Co-14Mo and 10Ni-
16.5C0-12.5Mo steels have been investigated. Austenite grain refinement is promoted with increasing
the degree of total reduction. When 919, of total reduction is given, austenite grain is refined to
6um, leading to the tensile strength of 337 kgf/ mm? and the reduction of area of 0%. When the

- finish temperature of rolling is lowered, grain refinement is also promoted but a large amount of

precipitate occurs during thermomechanical treatment. These precipitates have the marked detrimental
\ effect on ductility and toughness in the condition before aging, but does not clearly show the detrimen—
o tal effect on properties after aging. It is made clear that these precipitates are formed by being

promoted due to working during thermomechanical treatment. Therefore, it is so difficult to obtain
the extremely fine grained structure with no precipitates and to achieve the 350 kgf/ mm? strength
level, by applying thermomechanical treatment for these higher Mo-containing steels.
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Table 1. Chemical composition of steels used (wt%).

Steel C Si Mn

P S Ni Co | Mo Ti Al Fe

10Ni-18Co-14Mo <0.005| 0.003 0.010

0.005 <0.004| 10.05) 17.59| 14.03| 0.18 | 0.007| Bal.

10Ni-16.5C0-12.5Mo <0.005 0.005 0.010

0.006/ 0.005/ 10.09| 16.37 12.39| 0.18 | 0.006] Bal.
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Fig. 1. A diagram of rolling condition in thermo-
mechanical treatment (TMT) for varying
a) total reduction, b) start temperature,
and c) finish temperature of rolling.
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Fig. 2. Effect of total reduction in TMT on strength,
ductility, and toughness for the two steels
aged at 500°C for 3 and 8h.

J @ This mark means an occurrence of the
unstable fracture in a low stress level.
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Fig. 3. Effect of start temperature of rolling on
strength, ductility, and toughness for the
two steels aged at 500°C for 3 and 8h.
{ : This mark means an occurrence of
the unstable fracture in a low stress level.
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Fig. 4. Effect of finish temperature of rolling on
strength and ductility for the two steels
under as-rolled condition.
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Photo. 1. Optical micrographs, showing the effect of finish temperature of rolling in

TMT for 10Ni-18Co-14Mo steel.
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Photo. 2. Scanning electron fractographs of Charpy specimen of 10Ni-18Co-14Mo steel,
showing the effect of finish temperature of rolling in TMT.

_
1S i
= o —
220 A o
> e ——
g 16
& N4 A
3 /
= 12
2 /
3 /
z 8l £
£ o___o/
Z 4 O Fe-10Ni-18Co-14Mo
| .
2 A Fe-10Ni-165Co-12.5Mo
o
| ) r

800 80 .900 950 1000
Finish temperature of rolling (°C)

Fig. 5. Effect of finish temperature of rolling on
Charpy absorbed energy for the two steels
under as-rolled condition.
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fatigue precrack

Photo. 3. Scanning electron fractographs at the tip of fatigue crack of fracture toughness
specimen of 10Ni-18Co-14Mo steel, showing the effect of finish temperature of

rolling in TMT.
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Fig. 6. Effect of finish temperature of rolling on
hardness, strength, ductility, and toughness
for the two steels aged at 500°C for 3h.

J : This mark means an occurrence of the
unstable fracture in a low stress level.
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Fig. 7. Schematic illustration, showing the relation-
ship between austenite grain size and ducti-
lity under the strength levels of 280 and 320
kgf/mm?2.
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raging steel.
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Fig. 9. Schematic illustration, showing the effect
of TMT on precipitation behavior.
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Photo 4. Optical micrographs, showing the structural change during multiple-pass rolling

of 10Ni-18Co-14Mo steel.
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