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Strengthening of 10Ni-18Co-12Mo-~1Ti Maraging Steel by Cold Working

Seiichi MUNEKI, Yoshikuni KAWABE, and Junji TARAHASHI

Synopsis :

It has been reported that the maximum tensile strength of maraging steel attainable by applying
thermomechanical treatment consisting of hot rolling+aging was about 360 kgf/mm’. The purpose of
this study was to increase further this tensile strength by changing the alloy composition based on 10Ni-
18Co-12Mo-1Ti maraging steel and by applying the thermomechanical treatment consisting of the hot
rolling+cold rolling+aging. Cold rolling was effective for increasing the strength of 10Ni-18Co-12Mo-
ITi maraging steel by improving toughness and preventing the unstable fracture in low stress
levels. However, strengthening and toughening by cold rolling were strongly dependent upon the hot
rolling conditions, because the microstructures were greatly changed. This increase in strength was most
pronounced for the specimen having the microstructure with the fine grain and the reduced amount of
coarse precipitates formed in the austenite. The tensile strength of 397 kgf/mm’ was achieved in the 10Ni-
18Co-12Mo-2Ti, 10Ni-20Co-12Mo-1Ti, and 10Ni-18Co-14Mo-1T1i maraging steels which were properly
hot rolled and then cold rolled for 80% reduction. When the cold reduction exceeded 80%, the specimen
became susceptible to unstable fracture in a low stress level and the tensile strength exhibited a wide scatter,
but the highest tensile strength of 438 kgf/mm” was achieved by some of 95% cold rolled specimens in this

study.
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Table 1. Chemical composition of steels used (wt%) .

Ni Co Mo Ti Al Fe
10 18 12 1.0 0.1 Bal
10 18 12 1.5 0.1 ’”
10 18 12 2.0 0.1 ”
10 20 12 1.0 0.1 ”
10 18 14 1.0 0.1 ”
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Fig. 1. Schematic diagram of all processes from

special thermomechanical treatment (STMT), cold
rolling to aging treatment.
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Fig. 2. Dimension of tensile test specimen.
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Fig. 3. Effect of cold reduction on tensile strength
of 10Ni-18Co-12Mo-1.5T1 steel hot rolled in the
condition of STMT 70. (Closed mark mesns an
occurrence of the unstable fracture in a low stress
level.)
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Fig. 4. Effect of cold reduction on tensile strength

of 10Ni-20Co-12Mo-1Ti steel hot rolled in the

condition of STMT70.

a) STMT70, b) STMT86, c) STMT 92

Photo. 1.

Optical micrographs showing the change of grain size by rolling condition in special

thermomechanical treatment for 10Ni-20Co-12Mo-1Ti steel.
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a) STMT70, b) STMT86, c) STMT 92
Photo. 2. Transmission electron micrographs showing the morphology of coarse precipitates
formed during special thermomechanical treatment for 10Ni-20Co-12Mo-1Ti steel.
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Fig. 5. Effect of cold reduction on tensile strength
of 10Ni-18Co-12Mo-1.5Ti steel hot rolled in three
conditions and aged at 500°C for 3 h.
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Fig. 6. Effect of cold reduction on tensile strength
of 10Ni-20Co-12Mo-1Ti steel in three conditions
and aged at 500°C for 3 h.
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Fig. 7. Effectsof cold reduction and increase of Ti
contents on tensile strength of 10Ni-18Co-12Mo-
ITi steel hot rolled in the condition of STMT86
and aged at 500°C for 3 h.
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Fig. 8. Effects of cold reduction and increase of
Co or Mo contents on tensile strength of 10Ni-
18Co-12Mo-1Ti steel hot rolled in the condition
of STMT86 and aged at 500°C for 3 h.
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Fig. 9. Effect of cold reduction on tensile strength

before and after aging for four steels hot rolled in
the condition of STMT86.
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Fig. 10. Relationship between tensile strength and
cold reduction for three steels hot rolled in the
condition of STMT86 and aged at 500°C for 3 h.
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