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Role of Oxide and Sulfide Particles on Charpy Impact Properties in
10Ni-8Co Alloy Steels -

Mitsutane FujiTA, Yoshikuni KAWABE, and Naokiro NISHIMOTO

Synopsis:

The influence of second phase particles such as oxide and sulfide on Charpy impact absorbed energy of
10Ni-8Co alloy steels (HT180) with various sulfur (0.002-0.015%) and oxygen (0.0006-0.0095%,) contents
was studied. The role of these particles in ductile fractures was discussed to be based on the variation of the
dimple size and the relation between the impact energy and volume fractions of the particles.

Charpy impact absorbed energy (E,) in these steels decreases remarkably with an increase of the volume
fraction (V) of oxide and sulfide. The relation between E, and V is expressed by E,=A-V,~#, where n—
value indicating the dependence of E, on V, is 0.95 of 1/3 according to the change of size and spacing of the
particles observed. When the dimple size on the fractured surface correpsonds to the spacing the particles

obseved, n—value is 0.95. When the dimple size smaller than the spacing of the particles, n—value decreases
to 1/3. The latter is the case for the coarse oxide. This can be explained by the fact that the voids nucleated
by the coarse oxide are linked by the smaller voids nucleated by sulfide.
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Table 1. Chemical composition of steels used in the experiment (wt %).

1 .
Sample | C | Si | Mn | P s Ni Cr | Mo ' Co o) sol. | insol.
O-1 |o.11]0.20]0.13)0.0022] 0.006| 9.99 | 1.93 | 0.98 | 8.03 | 0.0008 | 0.0008 | 0.0008
O-2 |0.0920.19|0.10 | 0.0022 | 0.006  10.0l | 1.95 | 0.95 | 7.96 | 0.0008 | 0.0012 | 0.0011
O-3 |0.1210.17|0.180.003 | 0.006| 9.90 | 1.93 | 0.9 | 7.67 |0.0006 ! 0.0012 | 0 0011
O-4 [012]018{0.180.003 | 0,006 9.57 | 1°97 | 0.99 | 7.76 | 0.0006 | 0.0009 | 0.0007
O-5 |0.10/0.17 |0.12 [ 0.0022| 0.006| 9.94 | 1.96 | 0.97 | 7.72 | 0.0014 | 0.0008 | 0.0012
O-6 |0.13|0.0950.17|0.002 | 0.005| 9.97 @ 1.9¢4 | 0.99 | 809 |0.0021 | 0.0019 | nd
O-7 |0.10|0.15|0.11 | 0.0022 | 0.005| 9.99 | 1.92 | 0.95 | 7.76 | 0.0040 | 0.0008 | 0.0012
O-8 [0.10|0.14|0.10|0.0022 | 0.006 | 9.91 | 1.9¢ | 098 | 800 |0 0068 | 0.0008 | 0.0013
O-9 |0.140.15|0.19 [ 0,002 | 0.005|10.06 | 1-94 | 1.05 | 809 | 00076 | 0.0020 | nd
O0-10 |0.13|0.15|0.20 | 0.002 | 0.006 | 10.00 | 1.93 | 1.03 | 809 |0.0095| 00025 | nd
S-1 [0.13]0.18[0.18|0.005 | 0.002| 9.51 | 2.00 | 0.85 | 87 |0.0005|0.0014 | 0.0007
S-2 |0.11]0.11|0.19|0.010 | 0.015|10.1 | 2.20 | 1.01 | 83 |0.0008|0.0011 | 0 0008
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a) O-10 (0.0095%0, 0.006%S)
b) O-1 (0.00089%0, 0.006%S)

Photo. 1. Optical micrographs of oxide inclusion
in the specimens with different oxygen
content.
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Fig. 1. Effect of oxygen and sulfur content on

tensile properties.
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Fig. 2. Effect of oxygen and sulfur content on
Charpy impact absorbed energy.
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Photo. 2. Electron microfractograph showing small (A) and large (B) dimples on
Charpy impact fractured surface.

a) O-1 (0.0008¢50, 0 00695S), b) O-10 (0.0095% 0, 0.006%S)
c) S-1 (0.0005350, 0.00295S), d) S-2 (0.0008950, 0.01595S)
Photo. 3. Electron microfractograph showing small dimples on Charpy impact fractured surface.
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Table 2. Areal fraction occupied by the dimple
with different sizes on Charpy impact
fractured surface.

Dimple size
Sample
>1.0p 1.0~6.5 ¢ >6.5p
O-1 25.6% 68.99; 5.59%
O-10 24.3 52.9 22.8
S-1 23.3 68.7 8.0
S-2 10.8 81.1 8.1
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Fig. 3. Areal fraction occupied by the dimple

with different sizes on Charpy impact
fractured surface in the specimens with
different oxygen and sulfur contents.
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Fig. 4. Areal fraction occupied by the dimple
with different sizes above 1.0 g in the
area where small dimples principally ex-
ist on Charpy impact fractured surface
for specimens with different oxygen and
sulfur contents.
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Photo. 4. Electron beam scanning image on Charpy impact fractured surface in O-10
specimen. Showing Mn-silicate (A) MnS (B) and small MnS (C) particles
on the bottom of dimples.
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Table 3. Result of fractographic measurement, calculated volume fraction
of inclusion, and calculated average inclusion spacing.

(&) (B) Cal IE%) 1 Cal lth)
. . . . alculated volume alculated average
Sample Dimple size (z) Inclusion size (y) fraction (%) inclusion spacing (g)
Oxide Sulfide Oxide Sulfide Oxide Sulfide Oxide Sulfide
O-1 10.0 1.8 1 0.23 0.0048 0.0324 22.2 2.6
O-10 13.0 4.0 1.5 0.40 0.0570 0.0324 14.6 4.7
S-1 10.0 3.0 1 0.23 0.0030 0.0108 25.9 3.9
S-2 10.0 4.5 1 0.50 0.0048 0.0810 22.2 4.3

(A

Obtained from maximum areal fraction in Fig. 3 and Fig. 4.

(B) Average of 100 inclusions.

(C) Calculated from chemical composition according to equation (3) and (4).

(D) Calculated from (B) and (C) according to equation (1).
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