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Effect of the Steelmaking and Continuously-Casting Conditions
on Non-Metallic Inclusion of the Steel For Cold Rolled Sheet

Synopsis:

Koo KuMA1, Hisashi MATSUNAGA,

Koichi Asano, and Tsuyoshi SAEKI

In order to produce continuously—cast slabs provided for mother material of cold rolled sheet, liquid
steels were deoxidized with deoxidizers of Al-Si-Mn system. Non-metallic inclusions of manganese—
silicate and_alumina were studied with reference to its s;éclmaking and casting conditions.

The results are as follows.

(1) To reduce the amount of manganese-silicate inclusion,

(a) keep the (blow-off [C]x (T-Fe)) higher,

(b) keep the yield of silicon added as deoxidizers at tapping more than 95%,

{(c¢) . furnish tundish-dam, and
(d) keep the casting speed higher.
(2) To reduce the amount of alumina,
(a) keep the blow-off carbon content higher,

(b) reduce Al/Si ratio of the deoxidizers added at tapping,

(c) keep the blow-off temperature higher, and
(d) keep the casting speed higher.

As stated above, steelmaking conditions have a strong connection with the non-metallic inclusions.
Therefore, the main source of inclusion is considered to deoxidation products.
(Received Oct. 11, 1973)
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2.1-1 BMEH

PEEtAAVE 100 t BRI CIARL L7ohd, Bl 5 & 51,
Wik DEOERTOBER L X, FHIRICI VT,
KELBERELD ZEHBEZONLOT, Table 11IZF
FTr5w, 3BORFAELZAVT DTOREEZTE
o Fiobh, A, WEQESLRED 90% X
CERBEOBEBELE L, KPKBINT, N—FTa—

Table 1. Oxygen-blowing conditions of LD furnace.

Table 3. Deoxidation at tapping.

... Case 1 Case 2
Deoxidizer kg/t-steel kg /t-steel
Fe-Mn 0 -10 1-0-4-0
Si-Mn 3:0-5-0 —
Al 0-5-1-1 0-4-1-0
Al-Si-Ca-Ba — 1-0-2-0

Table 4. Conditions of continuous casting.

Bow type at Hirohata works
of Nippon steel Co. Ltd.
Temp. 1560~1580°C with
argon gas sealing

Fused silica nozzle, (reverse
| Y type 25°, inn. dia. 55 mm)
or tused silica box
Thickness 200-250 mm

Continuous casting
facilities

Tundish

Tundish nozzle

Mold Width 1 200-1 900 mm
Mold lubrication Powder
Cycle 70-90 cpm

Mold oscillation Amplitude 13 mm

0:6-1'1 m/min

Casting speed

t+5hm, BEER, REgOLMENA—-FTo—-LT5
Lo; CEi, REDEMEZBROBRBREL TS0
Th 5.

F 70, HSAEEORiEST Al-Si-Mn R BiEs#HC X > TR
LD OREARFE Licds, —Ef, Al-Si-Ca-Ba Fjji
faElz v b Db 5. Table 2 iCEEFRIERE L 5O
w, HmmoEmEREIREA =T, ¥, Table 3Tk
ERORMEELTRT. Tidbb, Caselid SiMnzx
7 HREEEH & L, Case 21X Al-Si-Ca-Ba 44 % x5
Bile#l & LT, FeMn, AlZ#EBIAICHER L, 1SR
ITEOHBIC R X0, TEEEEO LEE{TR2k.

1.2 g
Method| Distance from lance edge to steel surface(mm) 2 Phs Rt
Z B D VAR E i RLE SRS BIT X O THRE LS
0 90 100 (%) FRODEME Table 4, 5 ITRT. BHEFHKEDHR
EPercentuge of oxygen-lblowmg fum? B IIciY, Ha&H: Table 4 CERTLD, i
A ] 1450 H :%gg ! bbb, BEMT7.—A RV YA X0 (HEDIZDIT7
B 1 250 5 - .
B P 1430 | 1450 | =X RV Y A Ky 7 ZBMEA) AV, Y8 —E
i 1
T s vF 4 vl = N -
Oxygen flow rate 20 000 Nm?/H KEDEHEL, 227 1 v ¥ . REKBLE BT 572,
Charge 95-103 1-steel/ch FLUNT U HAY — V2RSSO IEEEREL L.
X, 24 vV RBILNEDORER
Table 2. Composition of test steel.
Composition C 9% Si % Mn % P % S % Total Ale,
at blow-off of LD 0-025~-0°065 tr. 0-15~0°25 =<0-020 <0-020 tr.
at ladle 0-030~0-070 | 0°03~0-07 | 0'40~0°'50 =<0-020 =<0-020 =0-008
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Table 5. Comparison of steelmaking conditions

A and B.
Method Conditions
Al-Si-Mn deoxidation, being sealed
A with argon gas between ladle and
tundish, powder lubrication, immer-
sion nozzle.
Al-Si-Mn deoxidation, not being sealed
B with argon gas between ladle and
tundish, oil lubrication, not-immersed
nozzle.
Center
w80
=80 Loose side Edge
3
J £
\ v
L\ Fixed side
< Width/ 2 -
\ Length; 100
Case | Case 2

Sk 2 ﬁzz

[

[

Sample for acid

Samples for siime
extraction solution

Fig. 1. Methods of taking samples for slime
extraction and for acid solution from
continuously cast slab.
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Fig. 2. Effect of blowing method of LD on the
relation of carbon and oxygen.
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Fig. 3. Effect of total Fe in slag and carbon
concentration at blow-off on the amount
of inclusion.
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Fig. 4. Effect of total Fe in slag and oxygen
concentration at blow-off on the amount
of inclusion. '
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Fig. 5. Changes of grain size distribution during

- steelmaking processes.
(Al-Si-Mn deoxidation, oil lubricating)
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. a) Total amount of
inclusion (mg)
extracted from 10 kg-steel

b) Amount of inclusion
over 53 u (mg)
extracted from 10 kg-steel

Fig. 6. Frequency of the amount inclusions.

EISEE, £hFh 1278 mg/10 kg-steel s Xt 50°9
mg/10 kg-steel ‘CIH o 7.

(2) AEDOHRNSFRT

BROYLVT 7—F Y bzkWT, KBEONEDIE
EX CUTESAERERE) & LTREShBDT,
2T, RENENOGHR ASHOBRE M5 ERT, +
N7 7 —FY bbb, ZOEHBNMEDOEEEEEL
T Do Fil % KD 7o,

Fig. 7 BRNED L LBRSBEOHH B L H T
RFLHHRRETRT. chic ThiE, BEAEDIIE
h EERAL %9 40~50mm ZHERT 50 L, LEEE
ERBOHTRRERS L, LEROFRLBRESEER
BENEIEV WS B8, HEAEWOBEE STt EE
HERBEbRV. CoBRMEHOREIRONEE
Kk, SLICHFMCHERT IO, AF4 LT XD
AELTV, TOREL Fig. 8 KkR¥. chickh
W, KBAEDTE, Rl wﬁk%ﬁ?% &%
b,

Fig. 9 kBRI 313 5 BRNEDO B ki %
Y. BN EDIFHC ISR O LB & PO
S bind, EEm /4 0BFTR TR S LB L
WxB. LaL, RENR 2 FEZERRAPICR LS, &%
RFEROBMEC VT, RS A5 5HE3HY, ©
NAS T8 B RBEDBETET 5T, LI Uil
Pojehl, BRNORBERSR L EERERENESS 5. —
f&tgic, SR IES N 1/4 o MEMEREESS B
&, L OPRBR XTI TWB LI ATH
D2, AFECXOTH ChpSEH SR

200 50
- , dao
£ 150 Relative frequency ; f; o -
a (n=4) . “
= 'z
c 430 § 5
[ 723
2 (00 g 2
3 ow/‘l('oral oxygen 420 '; £
E ' Y JENP z 3
=S \ N ] =5
2 50 FPooo’ S 535
110 275
O I L ] L 1 ia la 1o la&a |
20 60 100 140 180
Loose Center - Fixed
side side

Fig. 7. Distribution of oxygen and visible inclusion
across slab section. (middle of length and
center of width, casting speed 0°7 m/min)
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Fig. 8. Distribution of large inclusions across the
section of the slab cast by the speed of 0°7
m/min by bow type continuous casting
facilities. (Width 1 900 mm, thickness 250
mm) '
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figure, extracted by the slime method
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- Fig. 9. Distribution of large inclusions across the
width of the slab cast by the speed of 07
m/min by bow type continuous casting
facilities. (Width 1900 mm, thickness 250
mm)
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Note; fwi= TmXIOO
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Fig. 10. Grain size distributions of non-metallic

inclusions extracted from various portions
of a continuously cast slab.
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D 6T IE LI

(a) %4 7 :FeO 2~4%, MnO 38~45%, SiO,
30~38%, ALO; 15~20% X V7% BIEONEDT,
SBH Spessartite & IFIEIL D HD.

(b) %47 :ZHXVEAANEDT, (a)z4 7K
T ALO; £ HFENRETFE L, #uNe Galaxite O
HEZES DO ST

(c) &4 7 :HIRicHH Lz Galaxite v, <
kYo & 21k ALO; 22~25%, MnO 26~.38%, SiO,
33~409% THBHHOD.

(d) &4 7 Bmichi A% LicSHATER. SiO:,
MnO &HESEHV-

(e) 247 : WML <Y v 2 2GS
CaO EHENE % DHD. FORFE, A7 5HLL
PGB Y ¥ — itk b EBbhb.

() #4 7 :HHEES LT MY » 7 AE2K,
ZrO,, TiO,, MgO Je K% 53D, T DRIFILDWT
EHRTHY, HERBAERBULETHD.
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Photo.
numbet a b c d € f
Point 9 3
1 1 2 1 2 1 1 2 1
Oxide X XX [ XXX X XX XXX
FeO 25| 16 3-7 35| 31| 27| 1-7| 83| 41| 37| 37| 46| 37
MnO | 38-7 | 333 133-9(20-2|26°0|46°8{353|31-0| 1-4|381]|48“7|39°9|42-8 464 | 42°5
Al,O4 | 17-0 | 350 | 339 | 70-3 | 25-4| 70| 8:8| 110 18-5| 123 | 163 | 13-5 | 10°0 | 130
SiO, |[32-5|21:01230 41-5 | 34-4 | 349 | 34°6 37-0 | 32:0 [.37'6 | 36°3 | 33-0 | 370
CaO 11-5| 10-5
MgO | 4°5 :
TiO, 23
ZrO, 9691 0°9{ 09| 09| 07| 07| 07
Note : X ; point of maximum Al value. X X; point of maximum Mn value. X X X ;. point of maximum Si value.
Photo. 1. Representatives of extracted non-metallic inclusions and their analyses
by electron probe micro-analyzer.
D LI DR, ZrO, OYFH L SHAERP S0
100 DK L, BEEIRIWTIE, b2 SE O Mn-silicate
Method A || Method 8 DT 5 2 Bbhb. ThHDEWE, BTk
50 n=3218 n=978 T, B#R-2 74 v v BleT Ty — VR {T0b
¥, Ei, T4 v o Kb IERER ) AveHE
3 60 B L78hE T, REmpEEsEThy, LanoT &
z KEILD S, TO/E, BRABLERNTHS Mn-
Z silicate M BICAER LD EH LS. Ik, &
ERR PHEORR & LI REOMEEEL L TIE, AR
L)
w | XhTwb. 7k Fig. 12 Ak s BEOHMAEN D
20 FifE L MR OBIRE R L. BEOAEMIL, VWFho
, - RrZDd D1 Spessartite TH U, AED O, HEA
© abcdefabec de f EmEE ALO; SHENSEL, AXBEAEWEL, Spes-
Type of inclusions ™. - = sartite FHREICIED< T &35,
; < . . o y s
Fig. 11. Comparison of type of non-metallic 3-4 FHAOFEBNENRIC HEET UASEXH

.inclusions appeared in the steel made by
-the methods A'and B.7"
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Method |Grain size
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non-metallic
inclusion
<504
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MnO (+Fe0) 10 20 30 40 50 MnO-Al,0s 7O 80 90 Al.0;
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Fig. 12. Comparison of composions of non-metallic inclusions extracted from the slabs cast
by the methods A and B.
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PRERRNSZE Fig. 13~Fig. 15 iRt b0 4 BERZEY L,
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