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The Extraction and Observations of Large Inclusions in Steel

Synapsis:

Haruo SHIMADA and Tadamichi TAKEI

(1) The electrolytic extraction with 59 Na-citrate and 109, NaCl electrolyte and the subsequent
treatment for purification were elaborately studied and was established the procedure for the complete
collection of large inclusions (over ca. 104) from the steel specimen.

(2) New methods were established for classifying the extracted inclusions by size, determining
the composition of a particle of inclusions and observing the inner structure of inclusions and others.

(3) By utilizing this new method, the distributions of inclusions in the ingot and slab, as well as
their size and composition were determined for rimmed, capped and killed steels.

(Received Feb. 5, 1968)
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Fig. 1. Apparatus for the extraction of large
inclusions.
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Comparison of the results obtained by Alcoholic-lodine method with that obtained

Amounts of

Extraction method inclusions (%)

\ . -~ . .
" Chemical composition of the inclusions extracted

| Si02(%) ‘Alzog(%) FcO(%) l \/an(%) MnS (%)

Alcoholic-Todine method 0126

35°5 ‘ 51°3 1 54

Electrolytic extraction ‘ 0-0142
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Size; 20~50,

Size; 50~1004
Tephroite (2MnO-8i0;) isolated from the rimmed steel slab ingot

Photo. 1. The figures of large inclusions separated through the sieves with the mesh size of

Transmission

20, 50 and 100 microns. X220 (1/2)

Transmission; crossed nicols

Photo. 2. Polished thin section of inclusions isolated electrolytically from low carbon capped steel ingot.
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Fig. 2. Distribution of large inclusions in the
rimmed steel ingot.
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Table 2. Teeming conditions and chemical composition of tested ingots, slabs.

Tapping . by | Addition of Ladle analysis
Tested ingots, slabs temperature Ingot weight Pouring speed |1 " the mold
(°C) (t) (mm/ sec) (g/ 1) C Mn S
| (%) | (%) | (%)
|
Rimmed steel ingot Al 1585 } 12 21-2 ; 99-3 0-07 | 0-32 | 0-019
Rimmed steel ingot A2 1607 ! 14 17-8 ? 35 007 | 0-31 | 0-018
1
Rimmed steel slab 1601 & 13 19-5 l 19-4 0-07 ’ 0-40 | 0-013
Capped stecl ingot Cl1 1615 12 10°0 0 006 1 0°32 | 0-016
Capped steel ingot C2 1610 38- 6-4 143 0-06 044 ; 0-020
Table 3. Teeming condition and chemical composition of tested ingots (SCM 3 ).
Tapping | Preliminary Chemical composition
Tested ingots temperature Ingoz tw)elght ‘ deoxidation l : , —
°C) in the furnace |G (%)| 8i(%) | Mn(#)| Gr(%) | $ (%)
Killed steel ingot DI 1599 2-7 Si-Mn 0-38 | 0-27 i 0-73 1-14 ! 0-011
| deoxidation ; |
Killed steel ingot D2 1620 2-7 400 kg 0-35] 027 | 074 1':06 + 0013
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A0 (e A
TOOFIBIT A v = DN

a) (Fe, Mn)O-Al,03; 0'2%8i0;, 567%
Al;O3, 26:59%FeO, 22:19%MnO.
b) Ca-silicate; 22:2%Si0;, 20°2%Al1:03,
2519 FeQ, 27:6%Mn0O, 7'3%CaO.
a),b) Bottom core in the ingot A;x110
(3/4).

c) a(Mn, Fe)S; 2005%Si03, 1'519%Al1,04,
4'089%FecQ, 57°29%NMn, 29°7%S5.

¢) Top core in the ingot Ay X130 (3/4)

The large inclusions isolated from the rimmed steel ingot.
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Fig. 3. Distribution of large inclusions in the rimmed steel slab ingot.
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2) a(Mn, Fe)S; 3% Fe, 58%Nn, 30%S.

b) a(Mn, Fe)S; 127%Si0,, 1'98%Al,03, 9'32%Fe,
40-89%Mn, 27°89%S

a), b) Rim-core boundary, core in the slab.

c) (FC Mn)O- Al O;.

Photo. 4. The large inclusions isolated from the
.rimmed steel slab. x 180 (3/5)
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a), b) Fayalite; 28:6%5i0;, 10:6%A1,0;, 34 19%FeO,
17°59%MnO.

¢) Tephroite; 27-8%Si0,, 6'86%A1,0;, 11-5%FeO,
42:6%MnO.

Photo. 5. The large inclusions isolated from the
solid skin of the part B of the fimmed

steel slab ingot. - x220 (1/2)

UAHL DY B AT v OGRSV Z &
BERTS. Lz 2TH v v 7 RSO E D5
i IR & RENO T &l D Bie D 2 L A3
SEIND. AK*~ v 7 FEENONTED D55 & ik
V3Fig. 5, Photo.6IZ Lavb T LD THD. ZHLDFHE

»HA &%ul LTHTFHA ML L, U A
BILEHLELT V20268065, 7 %94 hodo
é%@ﬁl%6%%<(hO%A T D DA 5
h%-;@CﬂD G AT R TE M O EREE S 13 Photo.

LT EED /%7-#ﬁva%%ﬁUAEK%
<®ﬁ@%’, JAEY 2 7o YTV

— 81 —



934 g & W # 54 £ (1968) ¥ 8=

W5 Ko 4 I"‘ME—SEODPEI] [t N 7”?:‘7?’146 ap Nt Small ingot C, Lorge ingot C;
X5DTHAS- . 5 - 5
2 s 2z S
35 F KRRRNONTEY s 8 s ¢ i 8
SCM 3 VIESHGEO F v KT 5 H5EH & 28 3 % &8 8
T 1
DEFC L TRELRRSHEE SRS, % < O [ Tool L e
K BRBAENBRE CE B T TRIETH S M op T !
FunbhTung . BHEDE L L k(D)) LR oook | I
: |
FEDLIEL » b (Do) KBS T 2 2 SO ooost#T | °°° i |
D THEM DS LRI >V R B Tt 0000 ! 0005 | "
- B - ok F : - I Middle I ) °‘°-<?-—-’-—"‘°/
Dtc. BN EER: Fig. 6, Photo. 7 12 L® oook ! 0000 | .
FTEEDCTHD. hOHOMREIT CaO & MgO soos | i ! I Middie E
LSRRI BEOS L bR § [T | 8
BIMBACH KAELT VWS &L LTy g 00— %(mm | S
5. ThROLOMEME MgO % 10% 58T ¥ WW;VL/A\\\ R X
OTEKMBIEEHE L NS, X5 Fig. 6 & B 0005 ok 0004\
Fig. 7 & O#» LABAENOBLSBEORIE £ 5000 6000 — e
b4 ) !
HAIL TSR RBWHERS. IV KB § ool : Bottom 1 : Bottom
W EWHORICEEREDOH S Z L 2ERL TV < , !
% 000Ss t+ |
. | [ ——
0000 | Bottom I oo T '//O— ]
1. & 1& ooos b/ \I o ooos | P
T Ig‘@\ : BT .
1 0000 Ny — =

(1) 10pBl LORBNENZ TLEITERRT 3 0000
72T 5% Na-citrate & 10% NaCl =43¢

600 ~700mm——=>

~— 4/{0mm —>

Fig. 5. Distribution of large inclusions in the low-carbon
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Photo. 6. The large inclusions isolated from the low-carbon capped steel ingot.
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Fig. 6. Distribution of large inclusions in the
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Fig. 7. Distribution of the sand marks in the billet.



