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Grain Size Dependence of Fracture Toughness in an Ultrahigh

Strength Maraging Steel

Yoshikuni KAWABE, Seiichi MUNEKI, and Junji TAKAHASHI

Synopsis :

The effect of prior austenite grain size on fracture toughness (Ki.) in 2 750MPa grade 13Ni-15Co-
10Mo maraging steel has been investigated. The prior austenite grain size was varied in the range of
7~600y using both thermomechanical treatment and solution treatment.

K. increased with increasing the grain size. For example, Kj. increased from 20MPa-m!2 for 8y to
30MPa-m! 2 for 500, and varied linearly with the reciprocal square root of the grain size. The acoustic
emission measurement during fracture toughness test and fracture surface observation at the tip of
fatigue precrack revealed that subcritical crack growth of intergranular fracture mode occurred as the
grain size increased and Kj, was apparently increased due to the microbranching effect of the crack

front.

On the basis of the above observation, it was suggested that true grain size dependence of Kj,

in 13Ni-15Co-10Mo steel might be less than the experimentally obtained result.
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Table 1. Chemical composition of steels used. 7 n ABKEBR T EMRBRELUTEH v WA Hisg7
(Wt%) #, linear intercept #TCHIZE L 7.
Steel [+ Si Mn ) 3 s Ni Co Mo Al Ti

A 0.003]|0.011]/0.010]0.002[<0.005112.93[15.02]|9.90{0.049[0.28

B 0.003[0.009]0.011{0.003[<0.005]112.93[15.08]9.96|0.073[0.27

C |0.003[0.013{0.003]0.027[<0.005|12.93(14.97(9.98|0.046]0.27
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Fig. 1. Schematic diagram of thermomechanical

treatment for changing the prior y grain size.
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Photo. 1. Change of the prior y grain size by thermomechanical treatment in A steel.
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Fig. 2. Relationship between the prior y grain

size and solution treatment temperature in A and
B steels.

Photo. 2. Transmission electron micrograph of A
steel solution treated at 950°C' and containing the
undissolved precipitates.
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Fig. 3. Load-displacement curves for fracture

toughness test specimens of different prior y grain
size.
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Fig. 4. Relationship between K¢ and the prior
7 grain size in A and B steels free from the
undissolved precipitates.
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Photo. 3. Fracture surface at the tip of fatigue
precrack for fracture toughness test specimens of
A steel having the different prior y grain size.
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Fig. 5. Comparison of Kjc among three different
structures.

Fatigue precrack

Photo. 4. Fracture surface at the tip of fatigue
precrack for fracture toughness test specimen of
A steel solution treated at 950°C and containing
the undissolved precipitates.
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Fig. 6. Relationships between the prior
7 grain size and smooth and notch
tensile properties.
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Fig. 7. Typical results of load-displacement curve
and AE event count rate for fine and coarse
grained specimens as indicated in Table 2.

Table 2. Ksg and K¢ values obtained in fine
and coarse grained specimens.

Treat t Grain size* Kag** Kie
catmen ¢’D) (MPa-m'?) (MPa.-m?)
Thermomechanically 18.6 21.0
treated to 11 mm 12 17.9 21.3
square 17.9 21.3
17.3 33.1
Solution treated at 450 19.8 35.3
1 200C 17.6 29,1
20.1 34.7

* Prior y grain size .
** Stress-intensity factor corresponding to the generation of
AE events
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Photo. 5. Fracture surface at the tip of fatigue
precrack for fracture toughness specimens of A
steel solution treated at 1 100 and 1 200°C.

Fatigue precrack
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