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Decreasing of Inclusions by Adhesion Separation with Filter

Hiroyuki IcHIHASHI,

Synopsis :

Yasuhiro KAWASHIMA and Takami IKEDA

To separate inclusions from molten steel, a new method by filtration which is different from conventional
ones based on floating—out of inclusions was investigated. Since filters with pores smaller than the diameter
of inclusion are considered not to be applicable to molten steel, ceramic filters with many small holes were
used with expectation of getting inclusions adhered on them.

As the first step the influences of filter shape design and deoxidation of steel on the filtration of inclusions

were investigated.
Results obtained are summarized as follows :

(1) The inclusions filtered are only of alumina type and therefore this filter is effective for removal of

inclusion in aluminum killed steel.

(2) Inclusions adhere at first on the edge of a filter pore where the flow of molten steel changes and grow

to cover on the top surface of the filter and fill up the inner part of the pore.

When the layer of adhered

inclusions on the filter becomes thick, the molten steel can not go through the filter.
(3) From the reason mention above, the increase of thickness of the filter dose not improve removal of

inclusions.
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Fig. 1. Testing procedure.

Table 1. Experimental condition.

Steel Al, Si-Al, Si, Al-Ca killed steel

Material of filter Alumina ceramics (Al;03>99.5%)

Pore diameter in filter

(mm) 2,3 4 5 7,9 14, 20, 40

Thickness of filter

10, 20, 30, 40, 50
(mm)

Velocity of molten metal

through filter (cm/s) 18, 21, 33, 59

Table 2. Chemical composition of materials(2).

Steel C Si Mn P S sol. Al Ca

Si-Al killed 0.15 0.25 1.00 0.015 0.015 0. 030 —_

Al killed 0.04 0.001 117 0,011 0.007 0. 060 —_

Al-Ca killed 0.15 0.25 1,00 0.015 0.015 0.003 0.030

Si killed 0.14 0.30 100 0.015 0.015 — —
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a) Before filtration, b) After filtration
Photo. 2. Morphology of inclusions extracted by

the slime method. (Si-Al killed steel)
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Table 3. Results of

filtration.

Number of inclusions extracted by slime method (/10kg)

Steel type Total O (ppm) Cleanness (%) — — S — -
Alumina cluster Lump Globule Total number
L 80 0.079 111000 2900 0 11390

Si-Al killed 40 0.054 770 2362 64 3196

; 39 0.058 24440 _50 0 24490

Al killed 30 0.042 94 785 356 1236

. 81 0.042 [ 10489 & e 105
Al-Ca killed 32 “0.021 604 229 Tos 1937
Before filtration
After filtration
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Fig. 3. Influence of pore diameter and
filtration.
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Photo. 3. Influence of velocity of molten metal on the filtration.
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Photo. 4. Influence of filter thickness on the
filtration. (Filter thickness 30 mm)

BllvwThd 7o x50 24E U Tk, HEXA
BIEMATE 2 BRI E 7 4 v X —FLRERB CEl oM E
T/RLTWS, 743 FDOMNEHED R ZHHE 18cm
/s DM FSEORINC X b NMEYBRERIIEALTE
D, ¥t7 4 X —LEDZ AL -BEIXLELEOT
WA,

~F, NEPRERC EDZ 7 4 & —FLEORE Y
HoMNITTAHDHI7 4 X —EX% 10mm )M 50
mm ¥ CELZR. FRI7 4 12 —-EX%REL TS
& EHERBEREN VI, TanE—~DT NI FDOF
B7 4 x—ERTOREL, ILRNHOBE S Hincit
HE O Ebhigs o (Photo. 4), $£>C Total O
WAEL e, BA%REL LRI LL kd otk
33 J404—WMOI/0AE

T4 NE DN EYONERE LA S TE D
CEBRBONEDHMNE L7 4 L2 — 2T, &
WEER N T5 L Photo. 5D kD 3EELELS.

(a) 7rirssaz—ERL, BERCHEL
T3,

Table 4. Chemical composition of adherent ma-
terial to filter by EPMA.

Steel Chemical composition

Si-Al killed Al-Mn- (Si) - (Ca)-O, Fe-O
Al killed Al-Fe- (Ca) - (Mn) -O
Al-Ca killed Al-Si-Mn-Ca-O, Al-Mn-(Si) -(Ca)-O, Fe-O

Filter, @ Alumina cluster, © Fused alumina cluster, @ Adherent material
Photo. 5. SEM observations of inclusion adherent to filter.
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a) After 10s

b) After 20 s
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c) After 30s

Photo. 6. Growth of inclusion adherent to filter during filtration.
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Fig. 4. Computed velocity profiles. (Arrows
denote direction of velocity vector.)
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