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Effect of Precipitation Behaviour of Intermetallic Compounds
on Strength and Toughness of Maraging Steels
(v Yasutaka OKADA

Synopsis :

Precipitation behaviour of intermetallic compounds is one of the important factors which control the
strength and toughness of maraging steels. However, systematic investigations on the precipitation be-
haviour have hardly carried out.

In the present paper, the effect of alloy series (Ni-Co—Ti, Ni-Co-Mo and Ni—-Co—Mo—Tj steels) with
the variation of nickel content on the strength and toughness was studied. Precipitation behaviour of
intermetallic compounds was identified by non-aqueous electrolyte extraction method and transmission
electron microscopy. Further, the relation between fracture pattern and the precipitation behaviour
was investigated in the alloy series with various toughness levels. Results are summerized as follows:

1) Titanium containing steels showed the marked decrease in toughness due to the grain boundary
and lath boundary precipitates of 7-Ni,Ti.

2) Molybdenum containing steels showed the highest toughness level with wide range of nickel con-
tents due to the finely dispersed precipitates of ¢—FeMo in the grain.

3) Molybdenum and titanium containing steels including 189% nickel commercial steels showed the
highest tensile strength level due to the multi—precipitations of 7 —NiyTi, s—FeMo and Ni;Mo. It was
ascertained that the addition of molybdenum and the increase in nickel content suppressed the grain boun-

dary and lath boundary precipitates of 7-Ni,Ti and resulted in the highest toughness level.
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Fig. 1. Effect of nickel content on the mechanical
properties of various alloy series after aging.

(500°C X 300 min)

Table 1. Chemical composition of steels (wt9%).

Steel C Si Mn P S Ni Mo Co Ti Al N

Ul 0. 007 0.01 0.01 0. 001 0. 002 10. 34 5. 84 12. 30 1.20 0. 065 0. 0023
U2 0. 007 0.01 0.01 0. 003 0.001 12. 42 6. 16 12.58 121 0. 066 0. 0021
U3 0. 008 0.01 0.01 0. 001 0.001 14. 85 6. 24 12, 61 113 0. 064 0. 0027
U4 0. 006 0.01 0.01 0. 001 0.001 17. 27 6.32 12. 68 1.21 0. 067 0. 0021
us 0. 005 0.01 0.01 0. 001 0.001 9. 76 6. 08 11.75 — 0.022 0.0018
1915 0. 007 0.01 0.01 0. 001 0.001 12. 42 6. 12 12,12 — 0.023 0. 0020
u7 0. 007 0.01 0.01 0.001 0.002 15, 02 6. 28 12,15 — 0.014 0. 0020
uUs 0. 004 0.01 0.01 0.001 0.002 17. 25 6.16 11.82 — 0.016 0.0018
us 0..-005 0.01 0.0t 0.001 0, 002 10. 41 — 12. 35 .21 0. 067 0. 0025
U1o 0. 003 0.01 0.01 0.001 0. 002 12. 42 — 12,55 1.22 0.070 0. 0025
U1l 0. 006 0.01 0.01 0.001 0. 002 15. 08 —_ 12. 57 1.28 0. 067 0. 0024
Uiz 0. 005 0.01 0.01 0.001 0.002 17. 57 — 12, 52 1.24 0. 069 0. 0025
U13 0. 004 0.01 0. 01 0. 004 0.002 17. 41 6. 00 — 1.21 0. 070 0. 0029
Ul4 0.002 0.01 0.01 0.004 0. 002 17. 48 6. 16 5.93 1. 26 0.074 0. 0025
Ulbs 0. 004 0.01 0.01 0.001 0. 002 17. 57 114 6. 16 1.23 0.063 0. 0024
U1ie 0. 001 0.01 0.01 0. 001 0. 002 17. 60 3.20 6. 47 1.04 0. 060 0. 0020
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Fig. 2. Change in the relation between tensile
strength and notched tensile strength due to va-
rious alloy series and aging time at 500°C.
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Fig. 3. Change in the relation between tensile
strength and fracture toughness due to alloy series
and aging time at 500°C.
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Aging time at 500°C, a:30min, b: 300min, c: 3000 min
Photo. 1. Fractographs of 17.5Ni-12.5Co-1.2Ti steel.
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a : 17.5Ni-12.5C0-6Mo steel, b : 12.5Ni-12,.5C0o-6Mo-1.2Ti steel,
c: 17.5Ni~12.5C0-6Mo-1.2Ti steel

Photo. 2. Fractographs of the various steels aged
at 500°C for 300 min.
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Fig. 4. Schematic illustration of the relation bet-
ween strength, toughness and precipitation beha-
viour. A high Ni-Co-Mo-Ti steel shows the hi-
ghest tensile strength level due to the precipitation
of 7-Ni;Ti, ¢-FeMo and NizMo. This steel shows
the highest toughness level equivalent to Ni-Co-
Mo steels, because high nickel content together
with the addition of molybdenum inhibits grain
boundary or lath boundary precipitation of
7-NigTi.
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a b c
Aging : 500°C X 300 min, a : Bright field image, b: Diffraction pattern, c: Dark field image
Photo. 3. Transmission electron micrographs of Ni-12.5Co-1.2Ti steels.
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2 a b c

L Aging : 500°CX 300 min, a : Bright field image, b : Diffraction pattern, c : Dark field image
. Photo. 5. Transmission electron micrographs of Ni-12.5Co-6Mo steels.

7

a b c

Aging : 500°C X 300 min, a : Bright field image, b: Diffraction pattern, c: Dark field image
Photo. 6. Transmission electron micrographs of Ni-12.5Co-6Mo-1.2Ti steels.
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