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Effect of Microstructures on the Ductility and Toughness of
Ultra-high Strength Maraging Steels

Synopsis :

Yasutaka OXKADA and Tatsuro KUNITAKE

A maraging steel of 17.5%Ni—6% Mo-12.5% Co-1%Ti shows superior ductility and toughness at ultra—

high tensile strength level after conventional heat treatment (solution treatment and aging).

In steels

with higher nickel content from 199%, to 24% to the above mentioned base composition, austenite is re—

tained at room temperature after solution treatment due to lowering of Ms temperature.

The high nickel

maraging steels with retained austenite show various microstructures(lath martensite, lenticular mar—

tensite and untransformed austenite) after cold rolling or sub—zero treatment.

Relation between duc—

tility, toughness and various microstructures is discussed.

Principal results are as follows :

1) Retained austenite, formed owing to the increase of nickel content, transformed to lath martensite

after cold rolling at room temperature.

In alloys with 1009, lath martensite structure obtained from above

treatment, the beneficial effect of nickel on the increase of strength and toughness was confirmed up to

209,.

2) Retained austenite had no effect on the ratio of notched tensile strength to tensile strength after aging.
3) Lenticular martensite was observed in the steels with the nickel content of more than 209 after

sub-zero treatment.

Lenticular martensite was ascertained to decrease toughness remarkably after aging.

4) Cold rolling in the range of reduction of area from 309, to 60% was effective to increase toughness.
The maraging steel with 209, nickel, cold rolled with the reduction of area of 609, had the tensile strength
of 2 700 MPa with the ratio of notched tensile strength to tensile strength of more than 1.0.
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Table 1. Chemical composition of steels.(wt%)
Steel C - Si Mn P S Ni Co Mo Ti Al
17.5Ni] 0.004K0.01]0.02 0.00210.003/17.28[12.80]16.2811.02]0.058
TONi | 0.005K0.01[<0.01/0,002{0.003}18.91 12.80[6.12]1.04]0.068
JONi | 0.003[K0.01[<0.01]0.002][0.003;19.86 /12,60 6.12 1.01’ 0.071
21N1 | 0.007K0.01k0.01]0.002[0.003]21.03[13.20 6.28]1.06]|0.071
22Ni | 0.002K0.01[<0.01[0.002]/0.002}21.96]13.00 6.12[1.04(0.072
24N1 | 0.0065K0.01K0.01/0.002[0.003[23.68[13.00/6.12 1.0710.070
Table 2. Heat treatment and cold rolling condition.
C.W(%)[ S.T#C.WAging S.T#Sub zero»L.W»Aging
0% |10t>1.0t»5. T 10t +x>l. 0t 95, T =
30% 110t21.4t 5. TH.0t | 10t »ol.4t 5. T Dl 0t
60% 110t+2.5t 5. To1.0t [ 10t » 2.5t . TH»dl.0t
90% | 10t+1.0t 10t 1.0t
S.T : Solution treatment. (850°Cx 1.0hmW.Q)
C.W(%) : Reduction in thickness (cold rolling) =>show cold rolling.
* Sub zero treatment. (—196°Cx4h) Aging : 500°Cx 4h in vaccum.
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Fig. 1. Tensile and notched tensile specimens.
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Fig. 2. Effect of nickel, cold rolling and subzero
treatment on the tensile properties before aging.
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Fig. 3. Effect of nickel, cold rolling and sub-zero treatment on the tensile and notched

tensile properties after aging.
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Fig. 4. Effect of nickel, cold roling and subzero
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Fig. 5. Decrease of retained austenite according
to the cold rolling and sub-zero treatment.
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Table 3. Ms temperature of used steels.

Steel Ms temperature (°C)
17 .5Ni 150
19Ni 72
20N1 45
2INi —
22Ni —28
24Ni —89

1) Heat treatment :

850°Cx 1h—R-T (10°C/min, R.T——150°C (10°C/min)
2) Single regression equation :

Ms(°C) = —35.3 x (wt9%Ni) + 750
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Photo. 4. Transmission electron micrographs of cold rolled high nickel maraging steels
[Solution treatment =+C.W (60%) ]
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Fig. 9. Effect of austenite on the mechanical

properties.
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Fig. 10. Effect of retained austenite and the shape
of martensite on the relation between tensile stren-
gth and elongation.
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Fig. 11. Effect of retained austenite and the shape
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Fig. 12. Effect of cold rolling, retained austenite
and the shape of martensite on toughness.
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Photo. 5. Cross section of notched tensile specimens.
[Sub-zero treated and aged.]
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Photo. 6. Scanning electron micrographs of fracture facet of notched tensile specimrenrs.
[Sub-zero treated and aged.]
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