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Inclusions in the Mechanical Capped Steel

Tsuguharu UEDA, Norikiko NOZzAKI,

Katsukiyo MARUKAWA, and Mamoru Tovopa

Synopsis:

A study on the macroscopic inclusion in the rim and core zones of large mechanical capped steel ingots
(23t~34t weight) has been carried out. The slime method was utilized for extracting inclusions.

(1) In the lenticuler blow holes in the rim zone there are many large macroscopic inclusions. A part
of these inclusions is a glassy oxide which is made from (Fe. Mn)-Si-Al-O, and another part is a large

lumpy inclusion which is made from Al,O,.

(2) The former inclusions (glassy oxides) which from a tortoise shell-shape stick on the inner side of
lenticuler blow holes, and the latter (Al,O;) which forms a lumpy type pops out into lenticular blow holes.

(3) In the blow holes in the core zone there are large lumpy almina inclusions, and there are more
in the upper part of the core zone than in the middle and the bottom part.

(4) These large lumpy inclusions are caught by the blow holes in the core zone and carried by them

into the inner part of the zone.

(5) However, in the blow holes at the core zone no inclusion of the tortoise shell-shape is found.

1. ¥ El

Y & FERONEDCET 5 BEMREIEE L, TORK
BLEGHMMEINTVDE, IRLDIRLALE2TA
ONEDCEATLIOTHY, ) 2BADCHERCET
HIME AL, B RBENEDCERE B WHFHE
HEVE D7D,

RO, *H=hFxr oy TFHEDY) AFRKEV
THBORBNESBENEMOHFET S L &HRAL, L
b I SNEDOKREEE, ERJBARICHIESNLT
WBZ LR, DT

LORBRCHREENRTVWANEDCIE=EED DT
—2}3 Fe-Mn-Al-Si-O ZROEMAELWTHD, D
5 — DMK O KB BEH T LT FTHS.

MERBORKET WS Z Er SBFRNED L AH
W, BERmIkT LIS ELMT

—%, a7ROGBHIC S RBEOHIRT VI FBEE

CHREhTWwWb & ENFERR .

B TIE 2R L ABNEDTOWTD Y LERTDIR
RS LV 7R TORKT AV T FIZOWCOFRER
BrEikic, £L070-30THS. LN EHOIMEE
BRI 4 apic X o7

2. A &E A &

P& BT MR 250 t BRIFCIER Lo {ERE Mn ) A
Kt X O RE Mn Y & FEATKE O Bottole type £
RIZERAARE D TH 5.

HEFH O, SRR IUHEOL Vv ot
iz oW Table | RTEHEDTHB.

RGBS Licfs, A DWW TIEDE
T SRR O ERCHERT LT st & L.

ZOAFEMDO < v o FHEE% Photo. 1 IR L,
FEHAFCEHTRAIA LAY PVORBAEZ R L
7o

* @494 115, BAS0E ¢ BALBREALCCRE BMO04 7 BISERF (Received July 15, 1975)
g e ETE(K)ESRSEN (Kashima Works, Sumitomo Metal Industries, Lid. 750

Hikari Kashima-ché Kashima-gun Ibaraki 314)

— 50 —

<o

?4'.14

-



r v

AH=ZANF % o 7 FHEORNEHTONT 363

Table 1. The condition of ingot making.

Ingot No. A B | C D | E F G H 1 J K L
C | 0.06 0.07 0.07 0.07 | 0.06 | 0.07 0.18 0.16
si | 0.01 0.0l 0.01 0.01 | 0.0l | 0.01 0.01 0.01
Ladle analysis (%) | Mn| 0.22 0.28 0.30 0.28 | 0.25 | 0.27 0.79 0.70
P | 0.010| 0.009 0.010 | 0.010| 0.012| 0.009| 0.014 0.011
S | 0.018] 0.010 0.012 | 0.010| 0.014| 0.011 | 0.010 0.010
Ladle temperature (°C) 1575 1580 1555 1560 | 1581 | 1562 1 540 1545
Casting time (min) 3.7 |3.0/2.7]22]22] 3.7 3.3 3.8 |[3.4]3.9]30!35
Capping time (min) 6.6 6.8/50]51[/6.2| 7.6 10.7 9.5 9.8(7.515.4]2.3
Al added in mold (g/t) 30 30 [9 36 (15 |15 30 36 2 |9 |6 |o
Ingot weight (t) 33.6 ' 23.0
Mold Width 1725 1431
dimention Thickness 1040 889
(mm) Height 2950 2950

Photo. 1. Position of samples for slime-method.
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Fig. 1. Weight of macroscopic inclusion with
individual size extruded from rim zone.
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Photo. 2. The tortoise shell-shape inclusion extracted from rim zone.
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Lumpy almina (x50)
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Upper : A macroscopic inclusion caught up with lenticuler blow hole
Lower : A tortoise shell-shape inclusion

Photo. 3. The sticking state of macroscopic inclusions and the micro photograph of

tortoise shell-shape inclusions,
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Fig. 3. Relationship between tortoise shell-shape
inclusion and mean diameter of blow
hole.
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Fig. 4. The degree of clean liness and the mean
diameter of inclusions in the rim zone.

L-TATRERDIOT 8~ BETH D EFIT /I
v, ZhpHkE Mn ) A FETIRY L-0 7BIER
T 0p~12p BECROTEIETFAEVLONEY
LTw5. SHEERAERTERFCR NN EDHD
RARRIRBET 102~30p5 Y -2 7R REIHE
T 0puy~70py THo/.

ZOX S CHERRICHR S TV B A EDIE—RREIC
BIEE NIV O3S KB O XS IIKBAITIHR
ENTWDZ LR Rk,

s

4:-1.6 KRBNEWOMAIZDOWT

ZhH Y ABAL LT LKA ERE EPMA ©
547 LA-ttE % Photo. 4 IT5RT.

ER X UCHRBERRNEMTH H KB D GALAXITE
O SR S5h MnO, Mn-wiistite, JESFLE D MnO-
Si0,;, (Mn, Fe) SHELNS. %/, Aigidbiik 7
RFTHH—ERIC Si0,, CaO 2D LNBEITIFTE
7t AlLO; TH 5. XHic, ThoZ2EHFREEFRKEIC
5 PR (LZE ST X bk,

K Y & FIROBR RNTE #Tid 17~37%FeO, 34
419, MnO, 17~302% Al,O, 6~119 Si0,, 1~10%
CaO Th v, WROBFIMBES L 2HDHD
ERIZEE I\ 22~239% FeO, 379% MnO, 10~23
% Al,O,, 17~192%, SiO, T&H D7

LIRS Mn U & FEHTIE 10~30% FeO, 40
~529, MnO, 4~17% Al,O,, 11~17% Si0,, 2~5%
CaO “C‘é@"_)f:- Zhw (Fe, Mn) O-8i0,-AL0O; %
EHIRAER® Fic o v b B EFig. 5Dk dick 5.
&Y & FiOEE, BEFIK, BRIk & 31 GALAXITE
DERGEIRIC B D3RR DOBHE, BT S10, BE VR
KT twvsb.

—FHikE Mn U A FEOBEEE MnO rich 451
ik 2>Tw5b.

42 JO7AOKRBINEHICONT

4.2.1 REFEMhH R

AR 8O EREALE T O ABINTE D O ks 4,
Fig. 6 xR L.

Fx v PO 37 NAE NED B T 5 ERkoks

Tortoise shell-shape inclusion lumpy almina

Photo. 4. On the result of analyzing tortoise shell-shape inclusion and lumpy

almina with EPMA.

— 55 —



368 & & #@

%62 4 (1976) £3&

C-

Lew € grode
Middile C

S
e

%|@f~

T Tertaise shell-shape
S Spherical-shope

[ o-a10y-3510, T~ R 344052500,

~

MnO-FeQ MnO-Al,0, ALO,
Weight %

Fig. 5. Composition and oxide phase of macro-
scopic inclusion extracted rim zone,

<105y
ma/10kg 200 1054 ~ 2504
\Q0 250u <
0
Y SUSNPRIR) | L ATARIR W
4 ? i’é / 7

ﬁ /o Hgg,go’

oy
RGP T F DI TP S T Y
G TE ;/?’,@.,’j ./r;pr’,"wp,r‘,‘a,l/".’/r’z %

L 10 20 30 40 50 60 70 80___90

Fig. 6. The distribution of macroscopic inclusion
in the ingot.

B L Le5S TM 28(25%) ~Bottom £ (100%)
EFTOHBATOBERTIEGAH, B DLEORERILE
LT winu.

—% Top~20% DD 5V IIBERCIIFHMNES
NIEETE < ONED A S hr.

S ONERIERBAIEF T % { i 250 2 ~1 000
pEREOCEBAENRS LW IFENRON. Z0X5
WHBRTREOXBMEDSHEE S hie & v S g Flx
VAQAN

EHI, ZThOBRENENMOREZEITHERT XS
k7 FChDo.

o I7HRICRSNSHIR 7 v 3 FITEEER R EE
B Z\WE W ERRULH B, £ DD &2 B TRER
Dw v —J—URN, BIXTIRERTE (T -MZR) %k
HEREDE P13 H 5 HDOEME THHE I TWS. £
DOREFE Photo. 5 IKRT. ZONEDIELS 525
%D EZAHTHEBETS S 240mm (D 1/4 SiECH
Y) RBI VB LAbDTAE BRI RB 2 50H5
R 7 v T FTinln D KBRS .

4-2.2 BRIR 7V i F ORI

CORBBR 7NV FNRITRHRTED LS CHiR

Upper : macroscopic inclusion in core zone (at the level
of Middle-Bottom and the depth of 240mm from
surface : X32)

Lower : lumpy alumina (x10)

Photo. 5. The extracted inclusion.
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Fig. 7. Chemical composition of macroscopic inclusions extracted from the
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