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Creep Fracture Behavior and Metallurgical Factors affecting Rupture

Ductility of 0.5 Mo Steel

Norio SHINYA, Shin YOkOL, Junro KvoNo, and Hideaki KusHmA

Synopsis :

Creep fracture behavior and metallurgical factors affecting rupture ductility have been studied

for the improvement of rupture ductility of 0.5Mo steel.

The heats of the steel exhibit minimum

rupture ductilities of 3~10% in elongation and 4~13% in reduction of area when tested at 450° and

500°C.

The decreases in ductilities correspond with the transition in fracture modes from transgranular to

intergranular creep fractures.

Intergranular creep fracture is caused by grain boundary cracking such

as wedge-type one under higher stresses and by formation of cavities associated with grain boundary

carbide particles under lower stresses.

The effect of surface cracks on rupture properties is relatively

insignificant although the mean length of the cracks is much longer than those of the grain boundary

cracks and cavities.

Main factors affecting the grain boundary cracking and the cavitation in 0.5Mo steel are grain size,
amounts of impurities, and size and distribution of grain boundary carbide particles. It was confirmed
that higher ductility than that of 1Cr-0.5Mo steel is easily attained without reduction in rupture

strength by means of controlling these factors.
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Table 1. Chemical composition of 0.5Mo steels (wt%).

Heat|C | Si (Mn| P S | Ni

Mo| Cu | Al | Sn B N

A ]013{0.29(0.49|0006(0007(0047|0:

057|0053[0005(0005|<00001(00072

B |013/0.21/058|0010/0.010/0068/007

0.58( 0.15 [0004]0013 [K0000100054

Table 2. Nominal heat treatment condition and
grain size of as-received 0.5Mo steels.

Grain size
Austenite®] Ferrite®

A 920°Cx10min— 680°Cx40mMIinAC | GoS98 |FGec-P62

Heat Nominal heat treatment

B 920°Cx1h—>680°Cx1.5h AC Go4L4 |FGe-PS4

% JIS GO0551 ““Method of Austenite Grain Size Test for Steel’®
+ JIS G0552 ‘““Method of Ferrite Grain Size Test for Steel”

Table 3. Re-heat treatment and grain size.

Heat Re-heat treatment ‘g\,f,;eg:‘zi
QT 1 | 980°Cx20minWQ, 680°Cx 40min AC Go 4.3
A QT 2 | 920°Cx20minWQ, 680°C x 40min AC Go 6.8
920°Cx20minWQ, 870°C x 15minWQ x 3
QT3 | 680°Cx40minAC Go 96
QT 2 | 920°C x20minWQ, 680°C x 40min AC Go 6.9
B | 920°Cx20minwQ, 880°C X 20min WQ x3
AT 31 680°C x40minAC Go 9.2
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Fig. 1. Creep rupture properties of heat A.
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Optical micrographs showing near fracture surface.

(t; : time to rupture, El : elongation, RA : reduction of area)
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Fig. 2. Creep rupture properties of heat B.
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Photo. 2. Appearances of ruptured specimen
surfaces.
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Fig. 3. Histogram of surface crack length for
heat A.
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Fig. 4. Creep-rupture properties of specimens
plated with Ni.
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Photo. 3. Grain boundary cracks and cavities in ruptured specimens.
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Fig. 5. Change in density after creep rupture test.
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Photo. 5. Grain boundary crack and cavities observed in ruptured specimens of quenched and
tempered heat A. (tr : time to rupture, El : elongation, RA : reduction of area)
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