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Effects of Residual Carbides on the Notch Slow Bending Fracture
in High Carbon and Low Chromium Steels
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Kunio ORABAYASHI, Yoshiyuki TomrrA, and Toshio Y AMAGUGHI

Synopsis:

A study has been made of effects of residual carbides on the notch slow bending fracture in high carbon
and low chromium steels.

Results obtained are as follows:

Absorbed energy obtained of the 2 mmV notch test specimens decreases with an increase in mean par-
ticle size of residual carbides in specimens containing 13 per cent of residual carbides in volume, but inc-
reases with an increase in mean particle size of residual carbides in specimens containing 8 per cent of
residual carbides in volume, regardless of the test temperature. It is assumed that the former depends
primarily on the resistance of fracture of residual carbides or the resistance of separation of them from
matrix owing to fracturing at the interface of them, while the latter depends primarily on stress concent-
ration at the interface of residual carbides under 2 mmV notch.

On the other hand, absorbed energy obtained of the 2mmYV notch test specimens with pre—crack increases
with an incresae in mean particle size of residual carbides, regardless of amounts of residual carbides and the
test temperature, this being distinct from the results obtained of 2mmV notch test specimens. It is assumed
that these results depend primarily on stress concentration at the interface of residual carbides.
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Table 1. Chemical composition (wt%), gas analysis (ppm) and cleanliness (%)
of steels used.
C Si Mn P 3 Cr Ni Cu Mo Al
1.08 0.20 0.38 0.005 0.013 1.40 0.03 0.05 0.01 0.001
O N H da(%) d (%) de(%)
16 20 1.3 0.02 0.01 0.002
Table 2. Relation between amounts of residual carbides and heat treatment.
Amount of residual
carbide (vol. %) Heat treatment
Fine carbid 13 840°C X 8 min—350°C X 5sec—0O. Q.-»sub. (—196°C x25hr)
e 8 840°C % 12 min—250°C X 5sec—0. Q.—sub. (—196°C x25hr)
Intermediate 13 840°C x 10 min—350°C X 5sec-»>0, Q.-»sub. (—196°C x 25hr)
carbide 8 840°C x 15 min—250°C X 5sec-»>0. Q.—sub. (—196°C x25hr)
. 13 840°C % 15 min—350°C X 5sec—0. Q.—sub. (—196°C X 25hr)
Coarse carbide 8 840°C. x 26 min—250°C X 5sec—0. Q.—sub. (—196°C x 25hr)

0O.Q.=oil quench sub.==subzero treatment
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Fig. 1.

Schematic diagrams of spheroidizing treat-
ment of carbides in steels used. (a), (b)

and (c) indicate spheroidizing treatment
for obtaining fine, intermediate and coarse
carbides, respectively.
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Table 3. Mean particle size of residual carbides, hardness, pre-austenite grain size and

amounts of retained austenite in
residual carbides in volume.

specimens containing 13 and 8 per cent of

T
Amount of residual | Mean particle size, ; _ . .
carbides d of residual Hardness (Hv) | Pre-austenite Amour_nt Ofo retained
(vol %) carbides () l grain size (p) austenite (%)
5 0.41 810 | 6.5 <1.5
13 0.62 810 6.8 <1.5
1.14 813 7.1 <1.5
u 0.32 850 : 6.7 i 2.0
8 ‘ 0.43 850 : 7.2 : 1.8
“ 0.83 852 { 7.7 1.7
“ :
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Photo. I. Transmission electron micrographs of spe-
cimens containing 13 per cent of fine (a)
and coarse (b) residual carbides in volume
after heat treatment.

Heat treatment : (a); 840°Cx8 min—350°
Cx 5sec—0.Q.—sub.—200°C X lhr temper.,
(b); 840°C x 15 min—350°C X 5sec—-0.Q.
sub.—200°C X lbr  temper. (O.Q.==oil
quench, sub.=—subzero treatment)

Arrows indicate masses of dislocations seem-
ed to be piled up against interface of
residual carbides during martensite trans-
formation.
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Photo. 2. Transmission electron micrographs of spe-

cimens containing 8 per cent of fine (a)
and coarse (b) residual carbides in volume
after heat treatment. i
Heat treatment : (a); 840°Cx 12 min—250
°C % 5sec—0.Q.—sub.—200°C X lhr temper
(b) 840°C x 26 min—250°C X 5sec -0.Q.—
sub.—»200°C X 1hr  temper (0.Q.=o0il
quench, sub.=subzero treatment)
Arrows A and B indicate masses of dislo-
cations seemed to be piled up against in-
terfaces of residual carbides during mar-
tensite transformation and twins seemed to
be introduced by deformation against in-
terface of residual carbide during marten-
site transformation, respectively.
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Fig. 2. Relation between mean particle size, J,
of residual carbides and absorbed energy,
E, obtained from V-test of specimens con-
taining 13 and 8 per cent of residual car-
bides in volume.
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Photo. 3. Scanning electron micrographs of the fra-
cture surface on V-test at 18°C in speci-
mens containing 13 per cent of fine (a)
and coarse (b) residual carbides in volume.
Heat treatment : (a) 840°C x8 min—350°C
X 5s5ec—0.Q.—sub.—200°C x 1hr temper,
(b) 840°Cx 15 min—350°C % 5sec->0.Q.—
sub.—200°C X lhr temper. (O.Q.=—oil qu-
ench, sub.=subzero treatment)

Arrows A and B indicate the directions of
main crack and micro cracks seemed to be
formed by fracture of residual carbides or
separation of them from matrix, respective-

ly.
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Photo. 4. Micrograph of two-step plastic-carbon
replica of the fracture surface on V-
test at 18°C in specimens containing
13 per cent of coarse residual carbides
i volume,.

Heat -~ treatment : 840°C x 15 min—350

°C % 5sec—>0.Q.—sub.—»200°C x lhr

temper. (0O.Q.=oil quench, sub.—=sub-
. zero ireatment.)

Arrow indicates coarse residual carbide

which seemed to be fractured in the

process of plastic deformation of matrix.
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Fig. 3. Relation between (2/¢)¥2 and absorbed
energy, E, obtained from V-test of spe-
cimens containing 13 per cent of residual
carbides in volume.
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Photo. 5. Micrographs of two-step plastic-carbon
replica of the fracture surface on V-
testat —196°C in specimens containing
8 per cent of fine (a) and coarse (b)
residual carbides in volume.

Heat treatment : (a) 840°Cx 12 min —
250°C % 5sec—0.Q.—sub.—200°C x 1hr
temper, (b) 840°C X 26 min—250°C X 5
sec—0.Q.—sub.—»200°C x Lhr temper.
(0.Q. = 0il quench, sub.= subzero
treatment)

Arrows A and B indicate the direction
of main crack and micro cracks which
seemed to be initiated at the interface
of residual carbides, respectively.
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Fig. 4. Relation between (2/4)"? and absorbed
energy, E, obtained from V-test of spe-
cimens containing 8 per cent of residual
carbides in volume.
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Relation between mean particle size, 4,
of residual carbides and absorbed energy,
E, obtained from VP-test of specimens
containing 13 and 8 per cent of residual
carbides in volume.
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cture surface on VP-test at 18°C in
specimen containing 13 per cent of inter-
mediate residual carbides in volume.
Heat treatment : 840°C X 10 min—350°C
% 5sec—0.Q.—sub.—200°C x Lhr temper.
(0.Q.=o0il quench, sub.=subzero treat-
ment)

Arrows A and B indicate the direction
of main crack and micro cracks which
seemed to be initiated at the interface of
residual carbides, respectively.
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Photo. 7. Micrograph of two-step plastic-carbon
replica of the fracture surface on VP-
test at —196°C in specimen containing
8 per cent of intermediate residual
carbides in volume.

Heat treatment : 840°C X 15 min—250
°C X 5sec—>0.Q.—»sub.—200°C X lhr
temper. (O.Q.=o0il quench, sub.=
subzero treatment)

Arrows A and B indicate the direction
of main crack and micro cracks which
scemed to be initiated at the interface
of residual carbides, respectively,
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Fig. 6. Relation between (2/7)%2 and absorbed
energy, E, obtained from VP-test of
specimens containing 13 and 8 per cent
of residual carbides in volume.
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