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Effect of Sulphur and Phosphorus on the Toughness of

Carburized Steel

Synopsis:

Kunio NAMIKI and Kenji Isokawa

The effect of sulphur and phosphorus content on the toughness of carburized SCM420 steel was studied.
At first, charpy impact test was conducted using 0.8%C-1%Cr-0.2%Mo steels which simulate the case
of carburized SCM420 steel to evaluate the crack initiation resistance.

With increasing phosphorus content, :charpy impact energy decreases, which is associated with the
increase in intergranular fracture ratio. . Auger electron analysis showed that phosphorus segregated to
prior austenite grain boundaries in phosphorus doped steels. Furthermore, sulphur forms manganese
sulphides elongated in the forging direction and deteriorates the toughness in the transverse direction.

Next, charpy impact tests for hardened and tempered SCM420 steel were carried out to estimate the
crack propagation resistance of core. It was revealed that only sulphur reduces charpy impact energy.
It was further shown through charpy impact test for carburized SCM420 steel that phosphorus deter-
iorates the toughness of the case whereas sulphur reduces that of the core.
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Table 1. Chemical compositions of test steels (wt%,).
C Si Mn P S Cu Ni Cr Mo Sol. Al N (o]
A 0. 80 0.24 0.70 0. 005 0.001 <0.01 <0.01 0. 99 0.19 0. 028 0.013 0. 0009
B 0. 82 0.24 0.70 0. 003 0. 005 <0.01 <0.01 0. 99 0.20 0. 026 0.013 0. 0009
C 0. 81 0.24 0. 69 0. 003 0. 010 <0.01 <0.01 0. 98 0.19 0. 023 0.013 0. 0010
D 0. 80 0.25 0.71 0. 003 0.031 <0.01 <0.01 1.01 0.19 0. 025 0.015 0. 0010
E 0. 80 0.25 0.70 0.010 0. 004 <0.01 <0.01 0.99 0.19 0. 027 0.014 0. 0010
F 0. 80 0.24 0. 70 0. 029 0. 004 <0.01 <0.01 0. 99 0. 20 0.023 0.014 0. 0010
G 0.21 0. 26 0.71 0. 003 0. 001 0.01 0.01 0.99 0. 20 0. 025 0. 009 0.0016
H 0.21 0.25 0.70 0.010 0. 001 <0.01 <0.01 1.00 0. 20 0. 028 0.012 0. 0014
I 0.20 0.25 0.71 0.031 0. 001 <0.01 <0.01 0.99 0. 20 0. 028 0.012 - 0. 0015
J 0.20 0. 26 0.71 0.017 0.019 <0.01 <0.01 0.98 0.20 0, 028 0.012 0. 0016
Table 2. Hardness, retained austenite content and austenite grain size for charpy
impact specimens of 0.82,C steels.
Second quenching: 825°C X 30 min—OQ Second quenching: None
Hardness Retained Austenite Hardness Retained Austenite
(HRC) austenite (%) grain size number (HRC) austenite (%) grain size number
A 62.8 19,9 9.5 62.8 20.6 7.0
B 62.8 21.2 9.0 63.0 24.1 7.2
C 62.8 20.5 9.2 63.0 22.1 7.8
D 62,7 19.7 10.2 63.2 22.5 8.0
E 62.9 211 9.5 63.1 25.0 7.6
F 62.6 22.4 89 63.3 22.0 7.9
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Fig. 1. Heat treatment applied to 0.89, and
carburizing steel.
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Fig. 2. Effects of sulphur and phosphorus content
on the charpy impact value of 0.89,C steel in the
longitudinal direction.
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Fig. 3. Effect of grain size on the charpy impact
value of 0.89,C steels in the longitudinal direction.
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a: A (0.005%P—0.001%S)
Photo. 1. Scanning electron micrographs of charpy impact fracture surfaces of hardened and

b: D (0.0039%P—0.031%S)

c: F (0.029%P—0.004%S)

tempered 0.89,C steels in the longitudinal direction.
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Fig. 4. Effects of sulphur and phosphorus content
on the charpy impact value of 0.89,C steel in the
longitudinal and transverse direction.
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Fig. 5. Effects of sulphur and phosphorus content
on the charpy impact value of hardened and tem-
pered SCM420 steels.
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a: A (0.001%S)

b:B (0.005%S)

c: D (0.031%S8)

Photo. 2. Scanning electron micrographs of charpy impact fracture surfaces of hardened and
tempered 0.89,C steels in the transverse direction.
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Photo. 3. Scanning electron micro-
graphs of charpy impact fracture
surfaces of carburized SCM 420 steel.
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a:B (0.003%P)
Photo. 4. Scanning electron micrographs of charpy impact fracture surfaces of hardened and
tempered 0.89,C steels containing different amount phosphorus.

Table 3. Hardness, retained austenite content and
austenite grain size of carburized steels.

Effective
Surface case Core

hardness 4

Retained Austenite Internal
th hardness austenite grain size oxidation
°p (HV) (%) number depth (gm)

(mm)
G 697 0.70 370 18.0 7.8 10
H 673 0.68 374 16.2 8.6 12
I 669 0.66 382 - 16.7 8.8 12
J 693 0.58 335 13.8 8.3 10
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Fig. 6. Effects of sulphur and phosphorus content
on the charpy impact value of carburized SCM420
steels.
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Fig. 7. Effect of phosphorus content on the inter-

granular fracture ratio for charpy impact specimens
of 0.89,C steels.
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Fig. 8. Auger spectra from intergranular fracture
surfaces of 0.89,C steels fractured in Auger elec-
tron spectroscope.
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Fig. 9. Effect of phosphorus content on the phos-
phorus to iron peak height ratio, Ip/Iy. of Auger
electron spectra.
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Fig. 10. Effects of sulphur and phosphorus con-
tent on the charpy impact value of 0.89,C, 0.2
9,C and carburized steels.
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