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Fracture Toughness Improvement Mechanism of Calcium Treated Steel

Hiroshi YOSHIDA, Hiroshi KATsumMoTo and Michihiko NAGUMO

Synopsis

: The effect of Ca addition on fracture toughness has been examined by means of the analysis of fracture mechanics and tensile tests together

with micro-structural observation. The Ca addition results in the spheroidization and reduction of the number of non-metallic inclusions,

while the matrix structure does not show significant changes. Fracture mechanics test in terms of J-integral using a three point bending test

shows the increase in the slope of the R-curve, indicating enhanced increase in the stable crack growth resistance. The dimple morphology on

the ductile fracture surface is classified into two types, i.e. primary and secondary dimples. By Ca addition, the depth of the primary dimple

and local shear area on the fracture surface increase. It implies that Ca addition causes increased local plastic deformation in the course of

stable crack extension, resulting in the improvement of fracture toughness. On the other hand, effect of Ca addition does not appear in tensile

test. It suggests that the effect of micro-structural factors on mechanical properties depends on the testing methods.

Key words : three point bending test; R-curve; J integral; fractography; toughness: stable crack growth; void; primary dimple; secondary dimple; Ca treat-

ment; stretched zone; local shear zone.
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Table 1. Chemical compositions of steels. (mass%)

C Si
Rsteel 0.09 0.08
Casteel 0.086 0.08

Mn P S Cu Ni
1.52 0.004 0.003 0.56
1.58 0.004 0.002 0.58

Nb Al Ti N [¢]
0.55 0.012 0.037 0.013 0.003 0.002
0.56 0.014 0.024 0.009 0.003 0.002 0.003

Ca
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Fig. 1. Microstructures of steels. ( 1 ) optical micrograph of R steel, ( 2 ) optical micrograph of Ca steel, ( 3 ) SEM micrograph of

R steels and ( 4 ) SEM micrograph of Ca steels.
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Fig. 2. Schematic view of specimen. (a) three point bend-
ing test and (b) tensile test.
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Fig. 3. (a) Load vs. load point displacement curve in three
point bending test and (b) tensile curve tested at
233K.
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Fig. 5. Temperature dependence of yield and tensile stress.
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Fig. 6. SEM micrographs of fracture surfaces. (a) three point bending test of R steel, (b) three point bending test of Ca steel, (¢)

tensile test of R steel and (d) tensile test of Ca steel.
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Fig. 7. Inclusion morphology of respective steels: distri-
butions of (a) size and (b) aspect ratio of inclusions.
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Fig. 8. Precipitate size distributions.
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Fig. 9. Dimple morphology of respective steels: distribu-
tions of (a) primary dimple and (b) secondary dim-
ple.
Table 2. Parameters for Thompson’s relation.
Gy primary dimple secondary dimple
(Nmm?) £, My L @mm) £y Mgy L (mm)
R steel 493 0.00448 0316 0.0284 0.0l 0.256  0.00165
Casteel 486  0.00226 0366 0.0331 0.0999 0236 0.00162

Table 3. Experimental toughness data and Thompson’s pa-
rameter.

experimental Thompson's parameter

data, J,c (N/mm) F(M,) F(M,)

R steel 570 9.36 0.212
Ca steel 579 16 0.163
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Table 4. Experimental fracture strain data and Thompson’s

parameter.
experimental  Thompson's parameter
data, g¢ Eiip) £4s)
R steel 0.326 0.668 0.259
Ca steel 0.356 0.994 0.206
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Fig. 10. Macroscopic fracture surface appearances of the
steels showing different roughness.

5000

—- Rsteel —} Casteel

| -@- shear(R) --O- shear(Ca)

J and Jshear (N/mm)
R oW B
[ (=] (=1
(=2 [==] (=1
S & B

1000

1 1

0 1 2 3 4 5 6 7 8 9
Aa (mm)

Fig. 11. Comparison of R-curves calculated from contri-
butions by local shear zones with observed ones
for each steels.
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