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Synopsis :

To study the mechanism of age-hardening process in maraging steels, the changes in
hardness and substructure during isothermal ageing at 360~560°C were observed on
the commercially produced 18%Ni Maraging steel, and the laboratory melted plain
18%Ni steel and 18%Ni steels containing Co or Mo or Ti. Phase transformations were
also detected with a differential thermal analysis. Results obtained are as follows: Very
rapid hardening at the early period of ageing in Maraging steel can be attributed to the
formation of super lattice containing titanium and subsequently to the precipitation of
rod-like Ni3Ti. Continual hardening in the later stage of ageing is due to the slow
precipitation of Laves phase of spherical Fe2Mo. At the over-ageing period the nucleation
and growth of nickel-rich y'-phase take place with a disappearance of previously
precipitated Ni3Ti and the crystallographic direction of growth of this phase in matrix

martensite is identical to that of Ni3Ti.
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Synopsis ;

To study the mechanism of age-hardening process in maraging steels, the changes in hardness
and substructure during isothermal ageing at 360--560°C were observed on the commercially
produced 18%Ni Maraging steel, and the laboratory melted plain 18%Ni steel and 18%Ni stesls
containing Co or Mo or Ti. Phase transformations were also detected with a differential thermal
analysis. Resulis obtained are as follows:

Very rapid hardening at the early period of ageing in Maraging steel can be atiributed to the
formation of super lattice containing titanium and subseguently to the precipiiation of rod-like NigTi.
Continual hardening in the later stage of ageing is due to the slow precipitation of Laves phase of
spherical Fe;Mo. At the over-ageing period the nucleation and growth of nickel-rich y/-phase take
place with a disappearance of previously precipitated Ni;Ti and the crystallographic direction of

growth of this phase in matrix martensite is identical to that of Ni;Ti
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Fig. 1 Age-hardening curves of 18%Ni
Maraging steel at 360~-560°C
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Fig.2 Age-hardening curves of 182 Ni-5%Mo,
18% Ni-1% Ti and 18% Ni-2.5 % Ti
steels at 500°C after solution treatment
for 1h at 820°C
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(d) Aged for I0h

(e) Aged for 30h

Photo. I Transmission electron micrographs and diffraction patterns of 18%Ni Maraging steel after

solution and ageing treatments. Ageing temperature: 480°C
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Phote. 2 Transmission electron micrograph of
substructure of 18% Ni Maraging stee!
aged for 1 min at 700°C showing the
large plate-like precipitates (upper right
corner). Selected area diffraction pat-
tern and its schematic explanation show
that these precipitates are y’ phase
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Pheto. 3 Transmission electron micrographs of substructure and extracted precipitates of 18% Ni Mara

ging steel aged for 100 h at 480°C

Selected area diffraction pattern and its schematic explanation show that the crystal structure of

this precipitate is H. C. P. (see Table 2)
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Table 2 “d” spacings deduced from electron
diffraction pattern on the spherical pre-
cipitates extracted from 18%Ni Maraging
steel aged for 100h at 480°C and those of

Fe;Mo and NiTi calculated from lattice
constant data in ASTM card

“d"” spacing (Ao)
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131y .28 1.51 1 1.63
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solution or ageing treatments
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Fig. 4 Results of differential thermal analysis
on specimens after solution treatment
(llardness was measured after rapid
cooling to room temperature from each
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1825 Ni-2. 5% Ti steel heated to 540°C or
630°C at a rate of 5°C/min and air-
cooled immediately
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