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Influence of Solution Treatment under Unrecrystallized Austenite
(Unrecrystallized Solution Treatment) on Strength and Tough-
ness of 18% Ni Maraging Steel with Various Strength Level

Takuya YASUNO, Kazuhiko KURIBAYASHI, Ryo HoRIUCHI and Masahisa OTSUKA

Synopsis :

In 18% Ni maraging steel whose strength level is from 2.0 GPa up to 2.4 GPa, the relation between plane
strain fracture toughness, K| ¢, and tensile strength, op, is experimentally given by

Kicocog ® n—4.
Crack growth of the present alloy is controlled by micro-cleavage and their subsequent ductile coalescence.
Increase of the strength level brings about increase of areal fraction of micro-cleavages and the resultant
decrease of K| . Solution treatment under the condition of unrecrystallized austenite (unrecrystallized
solution treatment) results in strengthening and toughening due to remarkable refinement of martensite
structure, particularly the block dimension. In the alloy whose strength level is beyond 2.4 GPa, however,
unrecrystallized solution treatment dose not cause toughening. The reason behind is that the critical grain
size which is necessary for ductile fracture has to become much smaller than that which is realized in usual

unrecrystallized solution treatment.

Key words : maraging steel ; solution treatment ; fracture toughness; tensile strength ; micro-cleavage.
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Table 1. Chemical compositions (wt% ) and Mo,,
of the present 18 % Ni maraging steels.

- Ni Co Mo Ti Mo,
2.0 GPa grade 18.2 8.5 5.1 0.48 9.37
2.1 GPa grade 17.8 8.9 5.1 0.58 9.81
2.2 GPa grade 17.9 10.6 5.1 0.94 11.4
2.3 GPa grade 17.6 12.2 5.1 0.90 11.9
2.4 GPa grade 17.9 12.1 4.4 1.57 13.1
C,P,S:<0.003 Si,Mn:<0.02 Al:0.05~0.10
B:0. 001 ~0.003
Mo Mo( % )+1/3Co( % ) +3Ti( %)
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Photo. 1.
transformed austenite.

Optical micrographs of 2.2 GPa grade steel showing grain structures of reversely-
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Fig. 1. Variation of vickers hardness during
isothermal aging at 753 K.
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Fig. 2. Relation between oz and Mo, .
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Fig. 3. Relation between K | ¢ and op and those
cheanges due to unrecrystallized solution treat-
ment.
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: 2.0 GPa grade steel 1473K, 4ks—= WQ
: 2.0 GPa grade steel 1473 K, 4ks—+ WQ+1063K, 4ks —~ WQ
: 2.2 GPa grade steel 1473 K, 4 ks — WQ
: 2.2 GPa grade steel 1473K, 4ks =~ WQ+1063 K, 4ks = WQ
: 2.4 GPa grade steel 1473 K, 4ks— WQ
: 2.4 GPa grade steel 1473 K,4ks— WQ+1063K, 4ks ~WQ

Scanning electron micrographs of fracture surfaces.
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Photo. 3. Scanning electron micrographs
of electro-etched fracture
2.4 GPa grade steel showing rectangular
pits on cleavage surface.
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Fig. 4. Schematic presentation of grain size
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cleavage and brittle coalescence, respectively.
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Fig. 6. Numerical relation between x, distance

from main crack tip to micro-cleavage, and

normalized applied stress.
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