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Observation of Penetration Defects Occuring in Cast

Iron and Cast Steel

Yutaka Kurokawa*, Hitoshi Kambayashi*, Masayoshi Ichioka**,
Hideaki Ota*** and Hidekazu Miyake****

Penetration defects of cast iron and cast steel are caused by physical factor, chemical factors, or the in-
teraction of these factors. In this study, a method of judging the factors of penetration defects was estab-
lished by using SEM and EPMA analysis. Penetration defects were made in a casting experiment with a
mold in which the refractoriness was changed first. As for penetration defects which occurred due to
physical factors, the boundary of the silica sand and metal was clear in the EPMA mapping. The EPMA
mapping of the silica sand and the metal overlapped for penetration defects caused by chemical factos.
In the interaction of factos, the EPMA mappings of silica sand and metal did not overlap but the silica
sand had melted in the SEM image. Next, the penetration defects which occurred at the casting factory
were analyzed by SEM and EPMA analysis, and compared with standard analysis data. As a result,
penetration factors generated at the casting factory could be clarified.
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Table 1 Properties of green sand for pouring test.

S0, Oolitic
content in | content in Seger cone test
Silica sand, | green sand,
mass% mass% No. Temp. K
Level-1 99.7 0.0 SK35 2043
Level-2 99.7 11.6 SK31 1963
Level-3 91.8 16.5 SK16 1733

Table 2 Chemical compositions of silica sand (mass %).

Si0, Al;04 Fe,0;
Silica sand-1 99.7 0.04 0.008
Silica sand-2 92.8 3.69 0.483

Table 3 Grain size distribution (mass %).

Opening, 1 m| 600 } 425 | 300 | 212 | 150 {106 | 75 | Pan {JIS.FN
Silicasand-1]0.1 | 1.5 {11.3}29.2]43.7]13.5] 0.5 [ 0.2 {115.5
Silica sand-2 | 0.4 |114.8 143.7]25.0]12.5| 3.3 j 0.2 [ 0.0 | 110.9

Table 4 Chemical compositions of Na bentonite (mass %).

SiO; | Al,O; | Fe,05] MgO | N2,0 | CaO | K,0
Na-Bt 63.6 | 214 38 2.0 27 0.7 0.3

Table 5 Properties of Na bentonite.

Moisture | Ignition | (+20p) | Swelling,{  0.01N pH
Loss Grain Methylene
mass% | mass% | mass% | ml/2g |blue,ml/0.5g
Na-Bt}| 10.7 6.38 0.47 32 53.2 9.7

Table 6 Chemical composition of materials (mass %).

C Si Mn P S
Pig iron (40~50mass%) 398| 235] 0.68)] 0.1 | 0.01
Steel scrap (20~ 10mass%) 04 ] 0.2 | 0.6 |<0.05]<0.05
Return scrap(40~50mass%) T

est-piece |

|
]

Fig. 1 Pouring test piece for penetration.
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Fig. 2 Photo of penetration defect which occurs in
green sand with different content of quartz and
oolitics.

(A)Siliea 89 Tmass%| (B)Silica 99.7mass% | {C)Silica 91.8mass%
OQolitics Omassh | Ovlitics 11.6mass%h | Oolitics 16.5mass%
=
LLt
oy
&
x
W
<L
=
o
i
&
¥
<
=
o
i
S : Silica sand, C : Cast iron, MM : Melted material, V : Void

Fig. 3 EPMA analysis of penetration defect which
occurs in green sand with different content of quartz
and oolitics.
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Fig. 4 Example of analyzing typical EPMA analysis
of penetration defect (rough casting surface, metal
penetration).
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Fig. 5 Example of analyzing typical EPMA analysis
of penetration defect (metal penetration) because of
low melting point material generation.
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Fig. 6 Example of analyzing typical EPMA analysis
of penetration defect (burn on, metal penetration) by
partial melt of sand.
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Fig. 7 Example of analyzing typical EPMA analysis
of penetration defect (burn on, metal penetration) by
partial melt of sand.
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Fig. 8 Example of analyzing typical EPMA of pene-
tration defect (burn in). Penetration material ad-
heres to the surface of the metal.
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Fig. 9 Example of analyzing typical EPMA of pene-
tration defect (burn in). Metallic side of penetration
part.
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Fig. 10 Example of analyzing typical EPMA of pene-
tration defect (burn in). Penetration material ad-
heres to the surface of the metal.
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Fig. 11 Example of analyzing typical SEM+EDS of
metal penetration. External swells, veining and pene-
tration defect occur at the same position.
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