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Relation of Processing Variables in Thermomechanical Treatment to
Strength, Ductility, and Toughness of 280kg/mm? Grade Maraging Steel

Yoshikuni KAWABE, Seiichi MUNEKI, and Kozo NAKAZAWA

Synopsis:

In order to produce the ultrahigh strength maraging steel plate with excellent ductility and toughness,
and free from the anisotropy in the maechanical properties, the effects of processing variables in thermo-
mechanical treatment on the mechanical properties of 13Ni—15Co—10Mo steel have been investigated. The
relation between prior austenite gtain size and the mechanical properties has also been investigated.
The austenite grain size attainable is greatly affected by the reduction in rolling. The grain refinement
increases the tengile strength and ductility, but does not improve fracture thoughness. The anisotropies
of strength and ductility are found to be related to the occurrence of the unrecrystallized austenite
grain, whereas the anisotropy of fracture toughness is not observed for all the conditions. Thus, the recrystal-
lized and fine grained structure is found favorable to produce the excellent combination of the strength, duc-
tility, and isotropy. Such a microstructure is produced by choosing the optimum conditions in the thermo-
mechanical treatment, which involve the rolling temperature and reduction.
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Table 1. Chemical composition of alloys used (%).

] C Si | Mn | P

Ni Co Mo Ti Al Mg Fe

[3Ni-15Co-10Mo | 0.004 | 0.005 | 0.003 | 0.004 | 0.004

12.65 | 14.61 | 9.62 | 0.18 | 0.006 | 0.001 | Bal.

12Ni-16Co~11Mo 0.003|0.006 0.003 | 0.004 | 0.005

12.09 | 15.21 | 10.45 | 0.17 | 0.005 | 0.001 | Bal.

Table 2. Schedule of rolling pass in thermomechanical treatment.

Initial Number of pass Final Total
thickness thickness | reduction
(mm) 1 2 3 4 5 6 7 (mm) (%)
40 28 mm* 19 12 9 7 12 70
309,%* 32 37 429, 7 82
50 35 mm 28 19 12 9 7 12 76
30% 20 32 57 429, / 7 86
60 42 mm 35 28 19 12 9 7 12 80
309 17 20 32 37 429, 7 88

* Thickness of plate
**  Reduction per one pass
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Fig. 1. Schematic representation of measurement
of the prior austenite grain size and grain
shape in the rolled plate.
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Fig. 2. Effect of total reduction on the prior auste-
nite grain size and grain aspect ratio.
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Fig. 3. Effect of total reduction on the tensile pro-
perties and plane strain fracture toughness
for a) 13Ni-15Co-10Mo steel and b) 12Ni-
16Co-11Mo steel.

Open marks refer to the longitudinal pro-
perties and full marks to the transverse
properties.
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Initial grain size is 850pm, the starting
temperature of rolling 1 200°C , the finishing
temperature of rolling 900°C and total re-
duction 829;.

Open marks refer to the longitudinal pro-
perties and full marks to the transverse
properties.
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Photo. 1. Optical micrographs of the rolled plate of 13Ni-15Co-10Mo steel, showing the effect of the
starting temperature of rolling(STR)and the occurrence of the coarse unrecrystallized grain.
a) STR 1100°C, T section, b) STR 1000°C, T section
c) STR 1000°C, L section, d) STR 1000°C, T section
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Photo. 2. Optical micrographs of the rolled plate.
of 13Ni-15Co-10Mo steel, showing the
occurrence of the coarse unrecrystallized
grain along thickness direction.

a) STR 1000°C, 1. section, b) STR 1000
°C, T section
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Fig. 12. Relationship between valid Kjc obtained
from the specimen precracked after aging
and apparent Kjc obtained from the spe-
cimen precracked prior to aging.
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