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On the Behavior of Reducing Slag in Electric Furnace

Process Using Radioactive CaO

Kazuo Mrvacawa, Kéichi AsANO, Etsuo NOMURA and Masatoshi NISHIDA

Synopsis:

The radioactive lime (4CaQ) were added in the reducing slagof 60t electric furnace.

Radio—

activity in the macroscopic inclusions extracted from the killed steel ingot with slime method were

measured.
The results are as follows.

1) CaO in macroscopic inclusions in killed steel are originated from the reducing slag in electric

furnace process by 50~70%.

But the ratio of included slag to total compositions of inclusions are 4°5%.

2) The amount of inclusion from slag in molten steel are reduced by 409 during holding the

ladle in 10min after tapping.

(Received Feb. 6, 1968)

1. #

ik F oV PO KA UST REEICE, AlO;-SiO,-
MnO 3Riz CaO #&ARKENEDSREWHSHh, &
N DRENFEH DEBRBB T ONWTIEE < OMER D
A0, »

FITHRE TiX EPMA i, NEWS T ERom E
BEEHEDT, MEWOMRBEELLFEDZ. Thb
DOIHE P FICHEIC XND DN, KENEDRTH,HED
LED CaO BRIENSZ L Th5. KBENEDHD
CaO DEFEIFABNAEDOE BRI E EELBERITH
b, F 72 EEHEASHBESI S v Th BrmEIN
7=, o

BEDL A, KEMNEWFD CaO ofiFEE, (1
N (ESRIFE, (D) RMBNEW, 3) BEEAIR O Ca,
4) Tk EBEZBRTVWSED, Wit DRE
DEETEALTR B3PI 2OWTIHRWERLFTETHS.

il

BEECIE (1) F0E Q) REREEZZON, @)

Ll nEEZ BN TWVS.

CaO Z2oWTIRXLI, HLHORE»HEEIA
FEMTIRALTLB3DTHHDH, H5VIE—EHES
RICIEREL, BEEROIT IS RIEEAERDE LT
EALTL 5PROWTHWERATETIIR V.

FLBNEDDORABIZSOWTIIUATA v b —F%
FER LRI E K99, LOWThi s, FEBAEY
D 0% PHEEERMN T, SNENNEDEIEL 10% 2

EEEIhTwa. LiarLIhbofERnwTFhbdNiE
LRI OWTOREBRTHY, CaO DL SREDO—FK
ZITOWTDRABRIZDOWT OWME VIR, .

x T TCThhvbiid, RENED RO CaODkE{E = BAFE
<<, BRI 9Ca0 2 BAFIECHK AL,
SRR OXBISEMERME L, NERHO $Ca0 %5E
BT 5EREBTEROEDT, T OHRCOWTHETS.

2. R B B &

2-1 HABRRKORBSL

WEOBERIK 1'5kg #[RTFF RRERTJIEEME
F) T 10 BRIPHEFHEE L 50mCi @ $Ca0 %%
Ufc. ©Ca W BHUHHAT, FBIMITIAATHS.
2.2 BUGRBROAE

BT 60t BRIEORICH 13 min T aHEERERIKE
0-5kg ¥ 3 D2IXHF, FROTE HETEENALE.
WAL, RABMESL X HHEL. B8k 5T,
HEOREHRBRRAEAY 5 minfiRE & L, B@RtevT
NLBPEARET 30cm DFEEIH, L, ¥ 3V FRERE
T A EDT. SE LRI 1/4 O 2.4 KR
THBRETIeo7.
2.3 BT “Ca OMHELUER

* BARZEIOAFLSBARESICTTRESR
MM43E 2R 6 AZ A
»*OELEHSGGMDAERE&ER I8
BBk (R BB TR

— 920 —-



5Ca0 I BHERFETHMA T FoFEFHTONWT

873

B> L AM U3 ENE, fF b T o7 R -
HWOMBHO0g 28T D L, B DILFIREIC Lepi > T
Fe 5 XU OfhDiGA & & 458 U, Carrier (JH{K) &
LT 10mg o CaCl, #/nx7-1%, BEEH VY I LDk
B> <ofz. pRBEWRS INFE U C it AR A AR m
¥ L, MEtRex il Lz, '

2-4 ERMARHLSOKXBNEHOHLY

FERMBRIT 1/4 TDEI & T2 v, CIEIE ORTEDRE H
S EZRER L T, kBRI I X 09, #Ca0
DI L CF OER TR D7,

F iz, Fig. 2R THRIBHOHBRI 25T, 274 A
% (EREEME) X o TKBANEDEME L, BEM
#EI%, EPMA 507, (Lo, BUeHmEEIEZT% >
Foo HBERIER S RNTEN» 2 55 9 » FEHEEE 2
{ER L, sHREER] 10min, BIEABT ~Nv o 555
KX 1-85cpm TaH-D7:.

RBERBLUER

311 BABSLUMEPORGRERERZR

BRF ORETH I X CUENLETE T OEML S O
DAL R A Table 112, F 72 fEllER R % Fig. ]
WY, R OSIRE (specific radioactivity) V3 —
ETHBIENPD, BIIFRICEA L 2R KX
B—HR L& A D.

B O L RATREXIE BT R L 1~1'6Xx10-12Ci/g
THorcn, HIHRTOEHE E(FE)ITX D1c0-43x10
-12Ci/ gk b, HIMEZORMP T 2-33x10-2Ci/g
WHEL, 10min BOERMRFICLD 0096x10-12Ci/ g
L HMEH D 41% T THEALR.

IS O M, FRICEWTREBINEZICL Y, W
SEEFIC VI HERE ED T A NF — T X D, BLEES P
¥ EAL, BFEGEETE2IHERTCHE. 203 b
Wiz R L2560 NME WOFE Lo T > vwiid

3.

20
8
O,‘:
38 | 8
15 £ € -
o @ 2 2 &l
© ' B 8
< n
© 10 o R e T—— m——
o
o
2]
S
>
5
8 o]
2
2 8 al 2
g 20 S B
g b 1 \S°
8' ———e,
a_ /‘ !
g IS5 le
NU / "§ — N <
2, ¢ s 2282 2]
= 10 1 '
; \ :
2 <
9 o5 k /I .
ol
7 0 10 20 30 40 50 60 70
Processing time from the oddition of deoxidont  (min)
Fig. 1. Amount of included #Ca in molten steel.
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Table 1. Chemical compositions of samples (%).
Sial.’lrgpl- Sampling Molten steel Slag

No position (min) C Si Mn P S T.Fe | CaO | SiO; | MnO
1 Furnace (13" ! 0-15 0-21 1-26 0-014 | 0-008 0-3 623 222 0-2
2 % (19 | 0°15 0-22 1-33 0-015 | 0-008 0-3 62.4 234 0-2
3 ” 29"y . 016 0-23 1-33 0-015 | 0-008 0-3 62°2 234 0-3
4 4 (324 0-17 0-23 1-35 0-016 | 0-007 0-4 630 257 03
5 Ladle (38" 0-17 0-22 1-37 0-016 { 0-007 0-3 621 250 03
6 % (49") 0-17 0-22 1-36 0-016 | 0-006 0-3 625 26-7 0-3
7 Mold (58" 0-16 0-24 1-37 0-016 | 0-005

8 7 (63") 0-17 0-23 1-38 0-017 | 0-005

9 // (67") 0-17 0-25 135 0-017 | 0-005

10 Vs (72" 017 0-24 135 0016 | 0-005

11 Slag pan  (80") 0-4 61-7 26-3 0-3
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Table 2. Results of analysis of CaO in steel by
Todine-alcohol method and radioactive
method (ppm).

S li ... Iodine- Radioac-

amplng position | .. hol tive Differenee
and time (min) method method

Furnace (19) 31 110 79

Ladle (38) 22 149 127

Mold No 1 (58) 28 17 4 11

Mold No 3 (67) 76 42 4 34
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Fig. 2. Distribution of #Ca in ingot (10-12C;/g).
Figures in blanckets denote the results of
chemical analysis of CaO by iodine-
methanol method (ppm).
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Table 3. Results of radioactive measurement and chemical analysis of macroscopic inclusions.
Exstracted inclusion Chemical conposition (%) Radioactive measurement
Radioactive | Specific radio-, .
Exsg:f:;: Form Al, O3 SiC, FeO MnO CaO intensity activity (10-9 | I}ca(t;/o)
P (cpm) | Ci/g) l i
o | Spherical 2.1 | 339 | 91 | 320 | 41 186 046 62
Non spherical | 252 33-0 ‘l 87 268 4-7 226 054 73
9.9 Spherical 500 23:0 | 95 12-4 4-1 : 21-2 0-52 70
Non spherical | 50°3 | 240 i 9:0 | 100 52 { 12:0 0-31 42
49 | Spherical 521 | 191 | 98| 93! 56 154 040 54
Non spherical | 56-9 19-7 89 9-2 ‘ 4-7 15°2 0-41 55

Photo. 1. Spherical inclusions exstracted with slime
method. %100 (6/7) Specimen 4-9
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Some Consideration on Solidification of Rimmed Steel

Kiichi NARITA

Synopsis:

The solidification of rimmed steel and the segregation of the elements in the solidified steel are
described and discussed.

Experimental results show that the primary blowholes created in the solidifing ingot are very small
compared with normal rimmed steel ingot. It will be due to the fact that molten steel of this work
are poured more slowly than in ordinary operation. During the solidification with rimming, carbon and
sulphur are most remarkably segregated, and phosphorus, not so much as them, white manganese is
hardly segregated.

From the autoradiography of !%Au on the cross-section of ingots, it is observed that the solid-liquid
interface during the rimming period is very smooth and solidification velocity of liquid steel is reduced
from the bottom to the top of ingot. And also the solidification velocity is decreased by the existence
of blowholes too. The experimental equations of the solidification velocity are as follows:

Apreeeeenennx=2"15 (/7 —037)
Byreerereireiix=2-22 (\/—t—O'35)
Coppereverrerenx=228 (1/7_0-32)
Dyyeeeeiennnnn. *x=2-00 (1/7___025)

Symbols 4, B, C and D show the portions corresponding to 1/5, 275, 3/5 and 4/5 in the height of
10t flat steel ingot (1800 mm) respectively, and subscripts #, m and ! show upper, middle and lower
parts in each portion respectively, x is the thickness of solidified steel (cm) and ¢, time (min). The
thickness of the impure layer ahead of the solid-liquid interface, which, in generally, depends on the
solidification velocity of liquid steel, is decreased from the bottom to the top of ingots where the rimming
action occurs more violently.

Moreover, by the fundamental consideration based on “BurTON’s theory”, it is clarified that the CO
evolution from the rim-layer during solidification is more intense in low-manganese content ingot than
in high-manganese one, and also that the amount of CO evolved is, in either kinds of ingot, much
more at the top of ingot than the bottom. This result is very interesting in relating with the power-
fulness of rimming action, the degree of deoxidation and the static pressure of liquid steel.

(Received Feb. 15, 1968)
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