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Influence of Ca-Al Deoxidizer on the Morphology of Inclusions

Synopsis:

Tomoo TaAakenoucHr and Koreaki Suzuxkr

In order to make clear the influence of Ga—Al deoxidizer on the shape control of Al,O; and MnS inclusions
which cause the anisotropy of the Al deoxidized steel, experiments of Ca—Al deoxidation for the Al predeoxi—

dized steel have been carried out.

And a formation mechanism of the inclusions characteristic to this de—

oxidation are discussed. The results are summarized as follows:
(1) Inclusions in the molten steel change to low melting ones consisted of Al,O,—CaO-CaS in which

CaS distributed uniformaly.

(2) Inclusions in the ingot change to complex type consisted of Al,O3—CaO—(Ca8) in which Ca$ de—
posits peripherally. These complex inclusions are thought to be formed by precipitation of CaS due to the

solubility drop during solidification process.

(3) The anisotropy of the steel is improved by this shape control of inclusions.
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Table 1. Chemical composition of Ca-Al deoxidizer.
Composition (%) Diameter
Ca Al. | Fe (mm)
A 19.5 22.3 57.3
33.3 9.1 56.7 ’
C ;3L3] 7.8 | 57.0 4.8
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Table 2. Experimental conditions.

Heat No. ! i 2 | 8 | 4 é 5 6 | 7 8 9
Deoxidizer . A A A A i B B 1 B B A
Addition (%) ; 1 o1 0. ‘i 0.15 U 1 0.5 “\ 0.3 0.15 1
Table 3. Chemical composition of 3 kg ingots.
Heat No. C s | v | o | s I 9N Cr
1~8 in‘ 0.27/0.30 ‘ 0.15/0.30 | 0.38/0.46 };10.008/0.012 I0.010/0.013 0.03/0.14 ; 0.10/0.14
9 l‘ 0.05 | 0.49 1.10 0.010 | 0.017 8.0 18.3
Table 4. Chemical composition of 25t ingot.
c Si Mn P S Ni Cr Mo Al
0.21 0.34 1.37 0.009 0.008 0.16 0.16 0.07 | 0.021
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Fig. 1. Sampling position from the steel plate.
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BfRa Fig. 2 iRy, Bipicid 2 MiCs ik LANED
OFHEC BT HEb R HE 7. 20X 5, R
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(a) Heat No. 5
Photo. 1. Inclusions in the 3 kg ingots deoxidized with Ca-Al. (x600)

Table 5. Chemical composition of inclusions (%).

CaO | ALO, FeO Total
(a) 45.5 53.2 1.9 100.6
(b) A 60.2 27.1 1.9 89.2
B 47.7 41.7 2.0 91.4
(¢) 25.6 74.6 0 100.2
3Kg test 25 ton test
0 HNo 1.234 | 4 in the ladle
2 NS 3678 | 4 inthe steel plate
5
I precipitated { 1 b
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Fig. 2, Effect of Ca addition on the CaQ/Al,O,3
of inclusions.
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(b) Heat No. 6

(c) Heat No. 7
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T Ca-Al Biggic X > TERBAD ALO, #5 1500°C
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(a) Before Ca-Al addition (%350)

(b) After Ca-Al addition (X 350)

Photo. 2. Inclusions in the molten steel in ladle before and after Ca-Al addition.
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2
(x280)><—3—

Photo. 3. Inclusions observed at the surface of the bottom sample in the Ca-Al

deoxidized steel plate.
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(a) Oxy-sulfide inclusion

(b) Sulfide inclusions

Photo. 4. Inclusions observed at the center of the bottom sample in the Ca-Al

12
deoxidized steel plate. (X 350) X ——

YEM 2338 Hhde.
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Mo rh LS TRAEDOEEICY v R E LTy
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175 L7z CaS ERMisfhoNEmcE—cdash
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(b) CaO-Al,03-MnO inclusion

A
B :

c

I o M m O

Sample
Ni-40% Sn bath

¢ Crucible

: Silica tube

: Electrode

¢ Charcoal

: Thermo- couple

T Ar inlet, outlet tube

Fig. 3. Experimental apparatus.

Photo. 5. Inclusion in the Fe-19%P alloy deoxidized with Ca-Al and cast into 30 mmg steel mold.
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4
(a) Oxy-sulfide (x 300) x5~

(b) Sulfide (x SOO)X%

Photo. 6.
of 1460°C for 1h.

& S5 AlLOy-CaO NEMHEKE LTRIGLTY > 73k
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T LT, mEaTE O A S\ E SEM i &
DA 2 -G LTTOE{LEIHE L.

Inclusions in the Fe-19%P alloy held at solid-liquid coexisting temperature
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EERBCH T HRPE—HITLViDdEFE X bh
5. —7%, FEEFERECEFLTAS LRk AS
N-REALATEWE Photo. 6 TR, ZDXSIT,
it & FET 5 MnS Thy, MM EE
T 5L Photo. 4 iR LAt £h & Fkic
MnS Tdho7:. 733, Photo. 6. (a) DEMIc MnS
H7E Lic OB LT iR CaS % &F L g v
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MnS LN A 20T, Ca RETFHTI L DER
BRICARTAHIE®IE MnS £F 2z 505, LoD
T, FEBREGETEIEESNEMXBEHE LA Ca & SHE
EhARRIC N EREEE LCRE T Lt X DT
5ET BRI THEVWEEILNRD.

4.2 CaS ZEFLINEDHSOBHICK S

Yo, CaS 2NREEBERIz CasS 22— 481 Lo
ED»HLEBLUTER L 2T 5EH LOBBICOWT
EREMICHRETT 5.

CaS 2¥y—iz&HFT5 ALOy-CaO NEHZED 7
DR HELBEELX2EE T 55T Ca & Al TlREET
DUENRS D, TREBERLFRBICRRFFT 5 &7
) & kD K ERRRRICIRZ 5725, NEWHNOZELK
WEAFEAETSZLIXTERV. £2T, Ca, S, Mn 7t
FOTESXEH Lt Fe-1%PE4&RF & CaS %3y
—WEBTHRAI VRFERREL, ThaRE 20 mmg
DORFEFCANT Ar F 2L X Y FEozRE 4
EiaL7=Db Fig. 3 @ Ni-Sn {Erh~FiE &M CEtig
THHERRB L. BMXERSREETERLIOL
0.05% Ciz X 9z LT 30mm¢ DEBICEHRAALD
DTHY, BMERIEYH 30ppm THhot. ZOREME
0.84mm LIFOKRE SCHREL, —Ei 50g %ML
7oo Fio, AT FWEEBIIEFSEFC XD BEEALY KT
45:45: 10 DEIE TIRE L ALOs, CaO, CaS Bk & 14

Photo. 7.

(*1S)

—
1 = Q 200 (Hm)
0
Fig. 4. Distribution of sulfur in the slag.

MlLz-obeMicas Lic. ZOATF #110.105~0.074
mmZEHR LT—ER O.lg2filil L. 25 Fhoh
#oGAiE EPMA 12 X 940 LcfER% Fig. 4
T. DX ST, WE bbb CaS 3235 yhiciy—
CEBENDH E8brb, TheiBllLTdrRs sy
mizd CaS PWHH—CE&F IR TV &EXB T ENHT
&5. ik, HWORKR, A7 75OWESHEIT 2.5
%THY, Thi CalS iwiftFH 45L& 5.729% i 5.
B L 25 yOREGNT*BMoEEEERETH S
1460°C iz 2h R L7-0b A% Lo & bz
REWLNERD A # — 2% Photo. 7 1ILRY. ZD
X5, NEWPOREIEEENC Y v 7R FET S
2, NE DITiEH—KEF I 57D, Photo. 4 1T
LUt O R OEOEEN T L &< F L3 bis
2ot R, EROGRBRIBEOFEHIGESIT 57201
1460°C oifiEic 1h RiFLicnb, FOBLERE
HWECTAZLick iy 5°C /min THY Listl
CH SN EMDA » —o{R% Photo. 8 LRY. T

Inclusion observed in the Fe-19,P alloy held at solid-liquid coexisting

temperature of 1460°C for 2h and cooled rapidly. (Xx350)
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Photo. 8.

(o)

Inclusion observed in the Fe-19,P alloy held at solid-liquid coexisting

temperature of 1460°C for 1h and cooled at 5°C/ min. (x500)

DX ST, MR LA Photo. 4 TR L7cdD L[]
FRICEIBC D 2 CaS 2375 L= BA N » & bhic.
EWhc—ic 95 S i CaS Hug bR o iR E
BTk EEcy R Bl T 50N E Wb o
CaS OBEMERPIC X B EEZEZBENED, AlL0;-CaO
27 gho CaS OEMEIE Lk o g Cioiiidgx
NTWisvwo T, BIE LTA 7.

CaS DEMEE Fig. 3 1R LcRRIBEUFEHND 16
mmg OBV Y FIPTEREL L C FTERE AR Lk
10g ® 509 CaO-ALO; 235 FOEWMLICH S TUH
BRI VT HED CaS X #TE vz 35% CaO
-35%Al1,05-CaS % ifinlL, CaS ZTFTDAZ s~k
HrX s Arkic X OBIE L. SEERIER T 1450, 1500
B LU 1550°C ThHh, 1450°C DEEDERMAT &
®iE 5g, FOhoBECE 10g CThot. FERH
BB 2SS LCHIIT5 L, MR S OMMERIC
EE—B LI I X BERPRDOLNADT, B
FOTHA DA E BRIX LTt & 947 L7

1450°C C{Tle o7 FIHEROFER, 235 shoiid
VAT L L D wciEhn L, 60 minll FClE—5E & o
7eDC, HIREILSWT 120 min k3 5HHEDOEEE
w3k, ch CaS g L« Fig. 5 ©F&d.

DX S, 509% CaO-AlL,O; =5 o CaS DiEfig
EWREORT L DI TEZ & bbb ThE
Tz CaO-AlLO, 235 #d CaS OBMEIC-DWTD
e ia e <, CaO-8i0, 25 F I DWW T OHEY »dh D
Y Ey. Fhuc kb e, CaS BifE R ERE:
PR E L, 1550°C DU DU i ILImEHE - 2 L 25T
MEhn., T, BRRAESKEWEBBEBREERI LAN
SV EREXNTWE Z &b, CaO-ALO; RiTk i)

[95]

. Cas)
N

1450 1500 1550
Temperature (°C)

Fig. 5. Solubility of CaS in 509, CaO-Al,O; slag.
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LHREENE Ca0-Si0;, F X D /W2 EAFREXHh
5. hbozErsb, Fig 5 oFRREYLEEZS
n5.

Fig. 5 /5 1460°C iz k13 % CaS 0 iEfAREEIXE9 1.8
Y% THHDT, ¥ 5.7% @ CaS 24L& L7 AlLO,-
CaO-CaS JiF13 1460°C z{ffFxn5 & Photo. 7
WRLAEX S 1.8% CaS BAEDONIBICIERR L,
SRR B TH D 3.9% CaS proEFEIicy v ik
CmiiThzEicies. —F, Zh# 1460°C » 5
TR 5 L EREEERE THRACRDL T 5 0 T,
Photo. 8 R L7zX ST E A X 4o CaS »EIMic
VRt T sz tiwi B Lo T, CaAl i
MR C OB AN TEW T GRREEE I CaS 21
—EH LAEm» 5 CaS iy v ki i Ltk
KL b EXLONRBRYTHS Z EBPERIN 1,
CaS 7y ki T %5 0ix CaS B IEERK S
ThHodidrtELzLNRS.

5. & =

Al BB OBBINEORFEOEE L7, FHL
VISR e o TR b ok as s ALO;, 235
AL —F X MnS NEHOWEE 2 e —T 57
¥, Al F{fEfifE L7 3 kg X 25t iA§H% Ca-Al
FiEE U7z, %72, Ca-Al BRI SEAENEMDE
R ERECRET L. Boh-EREENTS
ERDE B B.

(1)3 kg oEBTX, AEMIEMED ALO; 25
ks D Al,O3-CaO wZEfb L, Ca ImmEOINE &
i EWR o CaO/ALO; IR E L D7,

(2)25 t OFEBRTH, BHPONEWIT CaS 21T
—IZ&H L1z Aly0;-CaO-CaS iz, F bk NE
13 CaSiz X 0 v Fkic Bl & iz Al,O,-CaO-(CaS)
ZELL, AlOs 5 2% —3 XU MnS 13F L ED
L7

(3)Ca-Al EsI IS I Z OBEANEME CaS #I13IE
B—it&F Lic ALO;-CaO-CaS A7 fhsiiE @R
» CaS DOBEMERIcX D CaS ZEBICEHTEZ
EIREVER LD LS 2 BN

()NEMD ZDOEELELIC X D, SO EHrIE O R
FikrkEshic.

Hb D IES, FMROFERLFThic(fR) B AE
e PR 2 REFR TR IR (X RIR B R K LRI R EBR D
BT R0 E A O CHE 2 W= Wi &L+
PRt R < R 5.
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