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Study on the Behavior of Nonmetallic Inclusions
in High Carbon Chromium Steel.
} Kazuteru SENDA

Synopsis: _

Nonmetallic inclusions formed in high carbon chromium steel were classified into micro-
scopic and macroscopic ones. The behavior of their formation was studied.

t The results are summarized as follows:
1. During solidification of steel, oxides and sulfides which have been dissolved in melt as
oxygen and sulfur, are almost precipitated, forming microscopic inclusions. Inclusions
‘ produced in melt float up and are excluded rapidly.
0 : 2. In solid g.teel, oxygen can not virtually be dissolved and remains as oxide. Consequently
: the amount of oxide inclusions increases approximately in proportion to the oxygen content
in steel. :

3. Althdugh the amount of sulfide inclusions increases according to the total amount of
sulfur, they can be paftially dissolved in steel. Therefore the amount of sulfide inclusions is
also dependent on the amount of sulfur dissolved in solid steel. Sulfur content in steel is
very effective for the cleanliness of steel.

4. When microsegregation degree of steel is decreased, the amount of sulfur dissolved in
solid steel is increased. Therefore the amount of sulfide inclusion is decreased.
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5. When molten steel containing much oxygen is killed with aluminum, cloudlike inclu-
sions are produced. Relation among these inclusions, various melting and casting conditions,

and microsegregation is investigated.

It is shown that alumina type inclusions are also precipitated during solidification of steel,

and that these inclusions produced in molten steel are separated rapidly.

"In spite of conta-

ining much aluminum, oxygen can be dissolved in molten steel super saturatedly.
6. The melting condition for occurrence of B-type inclusions in killed steel is experimen-
tally examined. Addition of aluminum, enrichment of oxygen and holding of molten steel

are needed for occurrence of B-type inclusion.

dation of aluminum in molten steel.

These conditions may be attributed to oxi-

7. By analyzing the type of length distribution of inclusions found in steel parts, it is
suggested that macroscopic inclusion is not a large inclusion which has grown up accidental‘ly,
but another type inclusion is produced under a particular condition. '

oxidation of molten steel in teeming process.

effectivé. for preventing the occurrence of macroscopic inclusions.

8. Experimentally, macroscopic inclusion can be intentionally produced by promoting air
Accordingly, teeming in argon atmosphere was

Air oxidation of molten

steel by carrying air bubbles down into the molten steel in mold has much effect on the

occurrence of macroscopic inclusions.

9. It is shown that there is another unknown factor for occurrence of macroscopic inc-
lusions appearing through a certain teeming process, accompamed with a;r oxidation of mol-

ten steel.

10. Lar ge inclusions adjacent to pinhole and blowhole, and B- type 1nc1us1ons are reO'arded
as a factor 1nﬂuenc1ng the occurrence of macroscopic mcluswns in special cases.
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Table 1. Effect of microsegregation degree on
the cleanliness of microscopic inclu-

sion.
Heat Cleanliness, Microsegrega-—
treatment. d 180% 480 tion degree*
Diffusion ‘ . .
annealing 017 ' 3734
1300°C X 60 01 ‘ 364
(min) 4
No diffusion - 0°31 5138
nnealin
anneating 032 5°60

* Microsegregation degree. (Coefficient of
. S )
variation) === X100(%)
Hv

S : Standard deviation, Hv : Average hardness
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Table 2. The rate of area of oxide inclusion.

\ Si0; Al;04 FeO MnO - Crs0s Total
Type of crystal Cristobalite |[Corundum R Manganosite —_ [ —
Specific gravity \ 2+32 4°00 .57 518 512 —_
Oxygen % |As oxygen 0°00111 0°00132 0*00056 0700048 0*00005 0°0035
Average Of) As oxide 0°00209 000280 0°00251 000213 0°0002 _
30 heats Rate of areal 0°0070 0*0055 0°0034 0+0032 0*0002° 0*019
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a) x50,
Microstructure of 0°8% C and 1°89%
Cr steel, quenched from 920°C and tempered
at 720°C. Photo. 1 (a) showing cell visuali-

b) X500 (4/5)
Photo. 1.

zed by segregation of carbide. Photo. 1 (b)
showing cell at high magnification and eute-
ctic carbide formed on boundary of cells.
Etched by picral.
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Photo. 2. (a) and (a') showing interdendritic
inclusion in 0°49 C Ni-Cr-Mo cast steel. (b)r
and (b') showing the same type inclusion
in 0°8% C and 1°8% Cr forged steel. (a')
and (b') are the same as (a) and (b), but
at high magnification. Both sample are
quenched from 920°C and tempered at 720°C.
The interdendritic type inclusion is pre-
ferentially situated on boundary of cells in
cast steel and on high alloy band in forged
steel.
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‘a) Frozen in the copper mold with 20mm diameter.
b) Frozen in the copper mold with 50mm diameter.
c) Frozen in the crucible with 70mm diameter.

Photo. ‘3. Relation between size of inclusion
and size of cellular structure.
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Photo. 4. Cloudlike inclusions found on cross
' ' section of a test ingot.
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Photo. 5.
of cloudlike inclusions.
Table 3. Segregation of oxygen at area of
cloudlike inclusions.
Oxygen content (%)
Sample
Area of cloud-
like inclusions Normal area
A ©10°0271 | 0°0361 | 0°0116 | 0°0136
B 0°0317 | — | 00099 |  —
C
(End of oxidi—) 0°*0115 | 0°0115°| 0*0107 | 0*0108
zing period
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Result of X-ray diffraction of 1nclusxon residue extracted from area

a) %200, b) %500, c) X50 d) x50 (1/2) Lo
Photo. 6. Cloudlike inclusion being preferentla—
1y 'situated on boundary of cells (a), (b), and
on high alloy bands in forged, (¢) (d). (a)
(b) and (c). Quenched from 920°C aud tem-
pered at 720°C. (d). Slack-quenched. White
streaks are high - alloy bands transformed to
martensite. Etched by picral.
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Table 4. Segregation of inclusion residue at area of cloudlike inclusions.
. ~ Measuring Oxygen content (%)
Sample - Area No

. SiOq AlO; FeO MnO Cry0; Total
Cloudlik 1 00024 0°0132 0°0027 0<0002 |- 0*0001 0°0186
) Qf HLKe 2 0°0025 00179 0°0029 0°0002 0°0001 040236
A inclusion 3 0+0020 0°0124 0°0022 - | . 0*0002 0*0001 0*0179
4 0+0018 0°0069 0°0012 0°0003 0°0001 0‘0102
Normal 5 0°0017 0°0074 0*0015. - 0°*0003 0°0002 0°0111
6 _ 0°*0017 0*0060 0+0012 00001 0°0001 0°0092
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Photo. 8. Variance of cloudlike inclusions found on cross section

“of test ingots, in different holding times in molten state.
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Photo. 10. Variance of cloudlike inclusions
found on vertical section of test ingots, in
different holding times in molten state.
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Phbto. tt. Cluster of alumina type inclusions being preferentially
situated on boundary of cells in test ingot solidified in crucible.
Quenched from 920°C and tempered at 720°C. Etched by picral.
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