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Toughening of 18% Ni Maraging Steel by the Combined Addition of Nb and B

Takuya YasuNoO, Kazuhiko KURIBAYASHI and Tadashi HASEGAWA

Synopsis

: Effects of Nb content and solution treatment temperature on the tensile strength and fracture toughness were examined in 18% Ni maraging

steel containing 0.0012~0.0013% B. When Nb was added as a boride former element, the recovery process of reverse-transformed austenite

was retarded. This retardation of recovery led to the suppression of recrystallization and further to the rising in recrystallization temperature

of reverse-transformed austenite. The recrystallization temperature was raised with increasing the Nb contents. When the addition of Nb was

more than 0.16 mass%, however, the fracture toughness was reduced markedly. This decrease of fracture toughness was ascribed to the ther-

mal embrittlement which was caused by growth of NbB, type borides. In conclusion, when Nb was added by an amount of 0.05 to

0.07 mass%, both strengthening and toughening can be realized without any thermal embrittlement, by means of the solution treatment in a

wide temperature range where the steels are in a state of unrecrystallized austenite.
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Table 1. Chemical compositions in mass% of 18%Ni
maraging steels studied.

(mass%)
Ni Co Mo Ti B Nb
Nb-free 17.8 10.2 491 0.93 0.0013 —_
0.046%Nb 18.0 109 4.86 0.89 0.0012 0.046
0.067%Nb 18.1 10.8 4.89 092 0.0012 0.067
0.16%Nb 17.9 10.3 4.92 092  0.0013 0.16
0.32%Nb 18.0 104 4.94 0.96  0.0013 0.32

C,N,P,S : <0.001

Si,Mn : <0.02 Al : 0.06~0.80

e

Fig. 1. Optical micrographs of Nb-free 18% Ni mara;
(a) 1473K, 4ks>WQ+1098K, 4 ks>WQ
(b) 1473K, 4ks>WQ+1123K, 4 ks>WQ
(c) 1473K, 4ks>WQ+1148K, 4ks>WQ
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Fig. 2. Optical micrographs of 18% Ni maraging steels containing 0.046% Nb and 0.32% Nb.
(a) 0.046% Nb; 1473K, 4ks—>WQ+1148K, 4 ks—»WQ
(b) 0.046% Nb; 1473K, 4ks—>WQ+1173K, 4ks—>WQ
(c) 0.046% Nb; 1473K, 4ks—>WQ+1198K, 4ks>WQ

(d) 0.32%
(¢) 0.32%Nb; 1473K, 4ks>WQ+1198K, 4ks>WQ
(£) 0.32%Nb; 1473K, 4 ks>WQ+1223K, 4 ks>WQ

Table 2. Recrystallization temperatures of 18%Ni marag-
ing steels studied.
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Fig. 3. Variation of fracture toughness K. and tensile
strength o with the addition of Nb. Aged at 753K

for 72 ks.
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Fig. 4. Variation of fracture toughness K. and tensile
strength oy, with temperature in solution treatment.
Aged at 753K for 72 ks.
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Fig. 5. Effect of the addition of Nb on the change in Vick-
ers hardness during isochronal annealing. Measure-
ment was made at 623K on the samples heated at
the prescribed temperature (1023-1273K) for 1ks
and then cooled down to 623K.
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Fig. 6. Effect of the addition of Nb on the change in Vick-
ers hardness of the starting materials during
isothermal annealing at 1073K.
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Fig. 7. Scanning electron micrographs of fracture surface.
(a) Nb-free; 1473K, 4ks>WQ+1123K, 4ks>WQ+aged at 753K for 72ks
(b) 0.046% Nb; 1473K, 4ks>WQ+1123K, 4ks>WQ+aged at 753K for 72ks
(c) 0.32% Nb ;1473K, 4ks—>WQ+1123K, 4ks>WQ+aged at 753K for 72ks.
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Fig. 8. Transmission electron micrographs of extraction replica.
Austenitized at 1123K for 4ks. (a) Nb-free, (b) 0.046% Nb, (c) 0.32% Nb and (d) selected area diffraction pattern taken

from (c¢).
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Fig. 9. Results of EDS analysis of precipitates observed in
Fig. 8.
(a) Nb-free and (b) 0.32% Nb. Energy peaks corre-
sponding to Cu come from the mesh holder of car-
bon replica.
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