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Deoxidation of Continuously-Cast Low-Carbon Steel for Cold-Sheet

Koo KuUMAL, Hisashi MATSUNAGA,

Tsuyoshi SAEKI, and Koichi AsaNO

Synopsis:

In order to develop continuously—cast steels for cold rolled sheet, the deoxidation of liquid steel has been
studied.

Deoxidizers of the series of Al-Si-Mn can be basically used satisfactorily for the purpose. Especially
the cold rolled steel sheet of the composition of C=0-03—0-07%,, Si=0-03—-0:07%,, Mn=0-40—0-50%,, and
acid sol-Al=<0-008%, is good enough for the view point of mechanical properties; its surface defects are
sufficiently few. Moreover, non-metallic inclusions decrease by the addition of complex deoxidizers as
a part of deoxidizers.

The composition of deoxidation product is studied from the view point of chemical equilibrium.

(Received Oct. 11, 1973)
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Table 1. Conditions of the tests.

High frequency induction furnace
by mercury gap system. (power
of 100KVA) (frequency of 10~
20K Hz) Magnesia crucible (inner
dia. 170 mm, depth 370'mm)

Furnace

Mother material | Low carbon rimmed steel 40 kg

Atmosphere of

Argon
furnace g

Temp. of liq. 1 590-1 610°C
metal ]
Sampled from furnace at every
certain minutes by steel spoon of
Sampling 24 mm inner dia. and sampled

by silica tube of 12 mm’ inner
dia. :

Measurement of .
dissolved oxygen With ZrO,-CaO oxygen cell
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Fig. 1. Apparatus for deoxidation test.

Table 2. Compositions of test metal before de-
oxidation and additional amounts of

deoxidizers.
Composition* Additional amount of
No 5
C (%) | (ppy | Si(%) [Mn(%)|AL (%)
1 0-034 | 710 0:06 0-40 0-10
2 0-044 | 690 4 4 0-07
3 0-048 | 610 v 7 0-13
4 0-039 | 630 004 4 0-10
5 0-030 | 780 4 v 0-07
6 0-041 | 610 7 4 0-13
7 0-030 | 790 0-10 4 0-10
8 0-040 | 780 7 v, 0-07
9 0-035 | 760 S 4 0-13
10 0:041 | 630 7 G 015
11 0-048 | 530 7 7 0-13
* Si (%)=tr. Mn (%)=0"10~0"20
P (9)<0°025

S (%5)<0°025
** Dissolved oxygen .
22 XBRER

2.2.1 Al-Si-Mn [z X 58580

Al-Si-Mn EEFRER T35 BEBRSK BT 5 B
1%, Kocu 52 BXOEE M 1T X b HERRS & BBk
LERBOMRK L OBRBTHRESNLTEY, ZhictET 5
BIIFARERRIERLPC IO TEHIRCR LR Ty
%.

L Liss. Zhbidvihd, Al Sioimng
BEVWHBECESABELINTED. FHEOEMET
S -C THoE -Si, & -Al {ERicx T 2 HEBERE
ZoWT, FHICHMREEXHHD LT VBRIV &

DX SEBHEIL, LTOEBREY{TRO/k.

BRREE L LTI Y & FIER V. BERORS
/¥ Table 2 DX 5TH5.

(1) BiE4Epiho%g)

Fig. 2~4 i [REEHIENINGS O B B A ik DML D 32 0%
Fgemt. Fig. 213 ALIRnE? 0°07% D4 TH
n, Fig. 3 Fig. 4 13zht 0°10%, 0'13% ko
0'15%DFETH 5. Al IxhngE»s 0-07% BECIEEER
FITHRIZ 33T, corundum DN E SRRV,
0:10% LIEZFEmLAES (Fig. 3, 4) ik, ¥
corundum DAERHBHGNS. Ll Fig. 3 oEE&d
Fig. 4 0F&d, REANRNE 2~5min kW1,
NEDOESTERT ED D ALO; DILEIT 40%
DTS5 e 25, ALO, i thBRERED 5 5
W, SrHEEL3®, Mn-silicate DALMSEBETS. Zhilk
ZPAMBIC X 5 BT X oTh HHEATHD. Thb
b, BiEETE 60sec Ik Tit ALO; OARBINEWD &

Si0,

]
[
I 3 |
11
T |
‘4 2 minutes after

Cyistobalite deoxidation
ey | minute after
deoxidation

\ N7 1Y) LV2 %3 v V3 V)

MnO (+FeO Al,0,

Fig. 2. Time lapse variations of compositions of
deoxidation product.

5 minutes after
deoxidation

2 minutes after
deoxidation

| minute after

/ deoxidation

MnO Alzo_‘

{+FeO}

Fig. 3. Time lapse variations of compositions of
compositions of deoxidation product.
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Fig. 4. Time lapse variations of compositions of
deoxidation product.

ML TV HBH. 180sec IKRWTIX, TIIFEgH
A+ % Mn-silicate it {L LT3 Z &b r5. Ik,
ZOEBRITIVTIE 280sec KBWTh, kSR
ALO, B/ NUNLEWHS Mn-silicate R /NN
ORI ETOCHEE LTV, fhOERBRI BV T,
DX S HIRAREHHEIND 2 213475, sk,
—EOR R BRI h 53013, ALO; 2&H
-+ % Mn-silitate RO/NENEDTH D/, TD X ST,
Mn-Si-Al ZRE&WE LTHRM LZBEIIE, 315D
w Al BSEfTCRBRICFS T2 L Bbhs. Tk,
Si XU Mn PSEEEENE DO TCHEBRCLFEST DD
LEEEIhD. dbAAZORBBERIL 3 EOHEA %
BRELTHEMLLBEORRKTHY, 7o xiF, Si, Mn
PETHEE LT, Al 2B000M L0 X 5 G Ewil,
KIBC R DTL 5HOT, BEFIIRIMD T 2>k
EDNRERERDOBIRCKERHE RS IIETIOLT
Hxhs.

(2) BEBOBRBERESHREENEDOIE

Bl R DMK & IREE kO AR EE R AR B & OBR
% Fig. S wiRT. AMBRESFENMELRSIKO2NT,
NEWRFIE TV FOBCH~BITTE5, LT LD,
NEDHRTBERREARCEIOT, —HCEED
LT VAV, o d x0T 51~100 ppm D BEBREER
HEOBEX, ALO, B4E£TEIHEEL, galaxite
spessartite oD Mn-silicate SEMNEWHBE T 5B S & 53
HY, bbAAINLBRELTHFETLIHELH .

(3) HBiEHIRiNE &4£BREEBENTED RO BR
BiEEHI O TRINE 2 2b X & TR L BEBAE R O F
AERETFAEL, 2~y XU 104 Y EoAERR
BOFRREE & OXF G &SI E 25, 10 p LLEDOKEA

Si0, Dissolved
oxygen
(ppm)

0= 30 -

631~ sol -

@ 5] ~J00 CD

-~
i

\ v \
MnO (+FeO)

Fig. 5. Relation of compositions of deoxidation
product with dissolved oxygen.
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Fig. 6. Time lapse variations of numbers of
numbers of now-metallic inclusion
over 10p.

FEMcE LT, Fig. 6 WRT IO, KRD2ODHEH
PLBHLDTHETES.
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BLOTBEAT
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W BEREIASINGE 1 min T35\ B IRERA BRI D {E%K
% 2p DES IO 10p Dlbicsd T, AlFEE Si

— 55 —



1314 % & M\

60 £ (1974) HO 2

Sign | Range of ( numbers ) Sign |Range of ( numbers )
inclusions 36 mm? inclusions 36 mm?
: <5 <200
5---10 200-400

S T0< SN[ 400<

1

1

\‘ :
® olop \ O3 ] ol0f
c — -
S \ : ; 3
2 oos| \ S 2 008 |-
(2] i :.’ R
2 \ ) z
< 006} ) b £ 0061
o o
S \ £
o o
T 004 S 004 (-
L o
- -
< ooz J 002}
1 1 ] 1 1 !
0 005 o'1o ol15 0 005 ol0 ols

Additional amount
of aluminum (%)

(a) Numbers in O mean numbers of non-metallic inclusions
over 10u at 60sec after deoxidation.

Additional amount
of aluminum (%)

(b) Numbers in O mean numbers of non-metallic inclusions
over 2u at 60sec after deoxidation. '

Fig. 7. Trend of amount of non-metallic inclusions according to additional amount of aluminum

and silicon.

RingE &SVl sBGEEL D% Fig. 7 KR L.
Zhickse 0p LEoNEDOFETD, 2p L
DFETHINEDEESRDL DL B EERSHD T L
Bbrd. Thbb, Fig 7-a wxiud Si FmaEix
0:069% Lit, Al ¥inEix 0°07~0°129 123\ T, 10p
Bl EoAEDEESRES VLIRS,

Fig. 8 12k Si i{hnE e Al B 28 kw7
BEORENLREBERDOEEEZTT. COR» D,
Al hnEAs 00119 LITF T, 13 A EHBERIRD Mn-
silicate BAEMTH Y, ThlbTirEL LT ALO,
HAERT 525, Si A 0°08% Ll ETix Al,O; »
5 A4 — & Mn-silicate & OIEHET SERBH D, Lr
LNEREROR S D K 5K & ITIF—FT 5.

DLER~7-X 51z Al, Si Xt Mn, o3[ g
DOFREBERDOEBL, ThObDORMET X2 T, XiE
CEEDDOTHY. MMEDD DA IBWC, ME
MBS 5 2 LKA Lz

2.2-2 BFHAMEBAT X 5 HEEED

EOBEA L LT, Al-Si-Ca-Ba RESHEFL X
Ut Ca-Si-Ba RESRBAIZH VT, ThHDHEEER
BHEELE. Thoopksd Table3 iz, %7, £h

Table 3. Compositions of complex deoxizers.

Compositions (%)
Deoxidizer
Al Si Ca Ba Fe |Others
Al-S8i-Ca-Ba| 196 | 383109 | 95156 6'1
Ca-Si-Ba — 58-3 1159145 7-2| 3'6

Table 4. Additional amounts of deoxidizers
including complex deoxidizers.

Deoxidizers (%)
Ch. Al-Si- [ Ca- Met, Met. Met.
Ca-Ba | Si-Ba Mn Si Al
1 0-30 — 0-40 — 0-07
2 — 0-20 0-40 — 0-13

SERCEBRESHEOLDDORBROHEEE, Bk
UihiE % Table 4 1273,

Fig. 9 itik, ZhooBFEBIT5LBEE S IV
BREBEBEORBEHLTTL, ZORBSORENLENE
#% Photo. 1 WiRL7. Fig. 9 BRT X ST, £
FELEMRBEELOE, Tibb, BbWKBELY
7min #izt, 10~20 ppm OHFHPIC T TS LTH D,
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Fig. 8. Trend of form of deoxidation product according to additional amount of aluminum and

silicon at 60 sec after deoxidation.

INLOESREREZA VW EORRE LT, ERT
DREERAE RS ZEE LTV D LA, VY KR LI
RAEBREINRDPT VI LERTHDOTHA . REMIC
X Photo. 1 IR+ X 5T, EFHDTHML corundum
3 L< 1E CaO0-ALO; ROBEEILEM P 5 Ik 5 FERAERK

WEEET 525, AlBMEBRCR OIS X 57k ALO,
OEFERNERL Si PMmBiERS, Al-Si-Mn [REERFIC
Bohd X5 BBRROKBANEDHRVW-IHEShD T LD
<, BEFE LTERBEER2>DDO LT LS.
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Deoxidizer Totol Dissolved
007 oxygen| oxygen
-~ 006 Al-Si-Co-Ba | —e— --0--
s Ca-Si-Ba —a— -t -
§ 005
5§ 004
(o]
& 003
o
o
o 002
00l . -
Ot 7.8
0 1 |
0 5 10 15 20

Elopsed time after deoxidation (min)

Fig. 9. Elapsed-time variations of total-and
dissolved-oxygen.

3. Al-Si-Mn Zi5k7F Al-Si-Ca-Ba ZEIEHI
X BRAMBESR

31 HBAMNBIUAZE

T HHE T X DR IEMARF 85 B D e S AT o B
THH, xODORBMAEBITHRC TR~k o & 2k
BIhE, ko Xxs5iciks.

(1) ZARpiEsRE LT, Al-Si-Mn Z2FWT, /i
EMEET TS5 Lind L 5885835 5. £k Al-Si-
Mn OFRHIRLEERS KEBLERTHSBH, BRELT,
Mn-silicate & AlL O, pMEZETBHRMIC B VT, KB
EREN IR In 5.

(2) Ca-Si-Ba 35 X% Al-Si-Ca-Ba % [iEe#H|D —
e UTHW S & HBE R OBRFEREN DL, 2o/
FFsBEkeics.

(3) Thbozind, MEWTRET S XD D
A RE T 57 0iiE, Al-Si-Mn 2EARETE &

L, [EEHIO—ERic Ca-Si-Ba, Al-Si-Ca-Ba @ ~Fh
PERAVT, HEBRERDOMELZEILEES 2 EMBER
EEZLRS.

PlEDORETR ST, EehE ke X 5B IERSGH
DELEFEN Licdd, ZhI3RD 2 o0 BEBE AW
fFizof.

(1) Al-Si-Mn REEBAIC L 530

(2) Al-8i-Mn ZiESAlIC —#K Al-Si-Ca-Ba &4
ZHFRA LD 0.

7k, EESHERRMEL SV EREL % Table 5105
L, E7z, BIRRAIESANGE, RS I it S h 5 sk
& Table 6 ITRY. F/, KEMRRINEDOPAEFE

Table 5. Continuous casting facilities and
operating conditions.

Type Bow-type (10°5m radius),
YP multi-roll (mannesmann) system
Dimensions Thickness 200 mm
of cast slab Width 1 450~1 900 mm
Length 30~45m
Nozzle Reverse Y 25°, 55 mmg
Casting Speed 0°55~1-10 m/min
Lubrication Powder
Slab .
sampling From middle of length

Table 6. Composition of continuously-cast
commercial steel.

C % | S1% [Mn%/| P 9 596‘3%%
0-03 | 0:03 | 040 |<0-020 |<0-020 |<0-008
{ { 0
007 | 007 | 0-50

T (a) With Al-Si-Ca-Ba

(b) With Ca-Si-Ba

Photo. 1. Representative product when steel is deoxidized with complex deoxidizers.

— 58 —



B

-

WIERABREMOELSF EITH T 5 HEBITOWT 1317

Table 7. Observation-of alumina-cluster by sulphur-print.

Amount of non-metallic Alumina cluster
Deoxidizer inclusion extracted by slime Su:iﬂ?}géfs'c
method (mg/10kg) observed not observed
<50 26 11 15
Al-Si-Mn =50 52 5 47
Tatal range 78 16 62
<50 16 3 13
Al-Si-Ca-Ba =50 9 0 9
Total range 25 3 22
ELT, A4 shEERAVWR, ZOFETOVT
TS D 8§ 5079 ph 0 shb B8 Ihic 40 0
N ] n =58 n =25
v 351 X =509 35+ % =370
32 ABER 3ol s =475 10l s =257
. - — ~ e = —_ mg - mg
3.2.1 _*)‘11177 Ty bicksd ALO, ¥ 524 os | (—IOkg) 25—! (IOKg)
bt g g 20
SBEFEOY VT 7 —F Y bitkB ALO; S5 R s 2or ) |
(=
4 —FEEFE, ALOy 7 24 —OFEmEHELRE: £ 15T £ o
L5, Table 7 @ X 57 R 2GR, Tinbb, Al- 10 10+
Si-Mn RIEEOBAET, 0, %74 MHMAEDE 5| 5|t
#5 50 mg/10 kg-steel LITFDFAITIE 26 7+ — U 1l |

Fy—uliz ALO; 7322 —BRVHENEDITHL,
Al-Si-Ca-Ba ZHEOBET, RILZ 5 4 LHENED
BOSKTTILI6F +—~ U3 F v — iR, ALO,
23 2E—MBFEE L. TRIRBREOER, dELHII

BERDD.

DX 5ic, Al-Si-Ca-Ba REIEEHIZIRINS N8 K
i, BEREEC, T —7 )y Mk oTRIEE
NHX5HKBD AlLO; 253 A2—1T&ERkLIZ Wi
Ex2X5 Thid, ZoOHRTIE ALO; B2 524~
KB it K, BHOBBTHFELTVWSLEXD
RETHH .

3.2.2 254 LB XBRENEDNESHEENE

254 sk C o T il ahic KBNS D 5
b 53 pm DL EONEWED F v — DB OFAEHE %,
Al-Si-Mn REEEEFIEROEHE L Al-Si-Ca-Ba RHER
Fla(ER LB a & 2 iR LifE R % Fig. 10 TRy
AF T BT, F1 50°9mg/10 kg-steel, il X hiz
DILH L, HBETIEFEY 37'0mg/10kg-steel DIHHE
THREOEBLELI LD, BTHEETIE 150mg/10kg
Steel DAEDRLEF v — OB HFELTVRVEARE
EThH5 DX S, Al-Si-Ca-Ba FRHEEH|II AR
NEDOBP T LTHEIELSH D &BRbrd.

i, TOBED, NEHNONESHOEPFIZ Fig.
11 iR$33%, Al-Si-Ca-Ba REESFIOHETIT, 37x

O 50 100 150 200250 300 0 50 100 130 200 250 300

$ S S S 5 5 509
S0 IOSO 520 22)0 220320 350 50 100 150 200 250 300 350

Extracted inclusions over 53 (mg/10kg)

Deoxidized with Al-Si-Mn Deoxidized with Al-Si-Ca-Mn
Fig. 10. Frequency of non-metallic inclusinos over
53 which were extracted by slime method
from metal deoxidized with Al-Si-Mn or

Al-8i-Ca-Ba.

Non-metallic
inclusion over

100 H—4= ]L,
\

Test no. 50u {mg/10kg)

Dy \ — Fa6e
AR\ | Al-Si-Co-Bada——as 274
/4 N e @ 46

A
W] o---0 48’5

10 7
d

\ N
/ ﬁ\ Al-Si-Mns 4—~~a 508
ﬁ

120
71\

[N I S T

[~ pap—_y

LI

(mg/10kg)

| // %7“

g

Amount of non-metallic inclusion

ol
<37 37 53 105149 210 250 297 350 4?0

5 5 $ 9 $
53 105 149 210 250 297 350 420 500

Diameter of extracted inclusions ()

Fig. 11. Comparison of size distribution of ex-
tracted non-metallic inclusions, in the
cases of Al-Si-Ca-Ba and Al-Si-Mn

deoxidation.
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105-149,

Photo. 2. Appearances of extracted non-metallic inclusions.

(c)

(a) Manganese silicate of single phase
(c) Manganese silicate with crystallized zirconia

(d)

(b) Manganese silicate with crystallized aluminate
(d) Manganese silicatc with cristobalite

Photo. 3. Micro-structures of non-metallic inclusions.

P EDRMAERSPIs<Ish, chk 37p DlEof

Emo@ESuc THIETHE, 1/10 DTS LTt
ZEMBbrs. TR ENEOEEI 2 KBRS T

LENR % H O FEIMIEE T 5.

Photo. 2 & i 2> i S h ik BAFE IO N E %
Y. FDEFLALERHRETDHY, TERD ALO, &
BEOEWEDIZ b Tk, F#, Photo. 3 12
W, XONEDOMBTE%5T . Photo. 3-a 13, Mn-
silicate FRENEY (MnO 40~60%, SiO, 30~509;,
Al,O5 10~-309%), Photo. 3-b I WO NIz AlO,
DO L72d @D, Photo. 3-c,d ti/hE T EpES

Manganese
-silicate
of single
phase

Manganese
~silicate
with
crystallized
aluminat

Other
spherical
non-metallic
inclusions

Deoxidized with
Al-Si-Mn

9% /15

Deoxidized with
Al-Si-Ca-Ba

///

AN
,%w/ﬂ/)ﬁ

40 60

80 100

Fig. 12. Changes of non-metallic inclusions with
deoxidizers.

= Mn-silicate ZNEHTH 5.
BRI

— 60 —

FAEFE 2L T, Fig.
25, Al-Si-Ca-Ba RIEEAIZEM L Dix, Al-Si-
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Table 8. Composition of épherical non-metallic
inclusion including BaO.

Point A Point B Notice
FeO 26 8-8 A
, MnO — 01
- CaO 250 640 8
BaO ©29-7 21-4
Al,O 41-8 56
Si0, 04 — Confer to
A MgO 05 01 photo-
({ - - P )
b Mn FRitic X 241 L BRT, B Mn-silicate
32 DOLRBEMLTWE Z Edb»5. &k, Al-Si-Ca-

Ba EEHIZ{#E L7-54&?D Ba 13 BaO O TERIRAN

a) Optical micrograph

b) B.S.E.

¢) Ba K, X-rad image
d) Ca K,

e) Al K,

f) MgK,

g) Si K,

Accelerating voltage ; 20 KV
Sample current ; 0°05 A

Photo, 4. Scanning images of characteristic X-ray of non-metallic inclusion of continuous
cast slab, deoxidized with Al-Si-Ca-Ba.

TR EAE L, 0 1§% Photo. 4 R LK. i,
Z DR YT Table 8 TR

4. £ &

4.1 Al-Si-Mn HRFEBHEICDNT

BB 5546, BRI 0 D EESHERD FH
FRAMBEL VR, X DRSS 221, EBRIT
LIRBANC D @O TV, ThEFRHT, £ikT 3
E&BNEROR IR DELBRR Hh, g, Al-Si-Mn
DIFHEC X 55E&0 ALO; 2 mullite DT HEHE
COWTOERIEERT» S b EREShTwb. L
o, Al OBMEERC 351 B IERD FH 7 — & & HEH
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I LT, Al-Si-Mn OFRBEEBERES ZHRER 52T L
ot
[%Mn]/[%Si1=10 (=72 L, [%Mn]-+[%Si]
=1-0)
RBEHTT, Al §FEM 000001% Tk, FT
W, ALOs T Az EiY, BRIB—FH LAV

EHEL, HEHIX ALSi-Mn RIZETHRBEBRRLE
BREC AT 5 2 L 2B TV BB . —fiEiic, Al 1338
NEHEERITH S Z BB OHRERT IO THLMLTH
D, Al OBEFPC KT D FHEBESARD SHEE L H
BEIBL —HTHELTWABEHEN®DLH D, Fi,
DL BIEED HFAEL LB ELTVBHRE®DM 155
2%, Eiz, BIREOFBKIECEH L5 & LTHWBHRE
b H BT T HORIEHRIC X HREIEEDEV,
B EMNEER 2T bl ve, TORER%FEDD = &
BETEBVWE BRIEHRE?® LTwd. O WRIEL
T, BERKERZAVIE, BRBEEFPEENEX
h5DT, XYERKAEEEZ2ES ZLBTELRD,
% OO~ xhiz. ZOESR, R. J. FRUEHAN
LW HEEE B T B LWE LTV 52, L. E.
RouDE 54X, Al ORERICEEL T, 25 SOHFEMPK
ELTERELTERL, 23 70RWEAIE, sHEE
XY KBCHVBREBECRSEBELTVWS. 20k
AT LD BREN SEEECELS LRV EREEL
‘C, H. ScHENCKI) 51X, ALO; OFEEHE - Z VX — 25
WwWZldh, ThEBFEREBCHEOE LTHA
STV 5.

AR BT, KEEOERBRORERR 25
RELTWS7® L. E. RoubE LD AT FDI\E
EOEFTEIEFE—-HLTWBEIDLEEX, HFLDF—2%
X9, Al-O-ALO; ROFEMHEL LT, kAREKD, &
hZ2fAwszlicts.

log K=log [Al]2[O]3=—64 900/7 + 23888

T ED)
2A1+3 O=Al,04(s), 4G=—296900+109'31T
................................................ (2)
(1) RXxY
1550°C ¢lIx K= 10-11-71.....................( 3)
1600°C Gz K=10-176icieiiiiiiinn . (4)
LB EPE Sh .

Al-Si-Mn REESBET X % BEEAE R —BANC I
FeO-MnO-5i0,-AlL,0; % F 2t hid /s Higv23,
SRR ELTWHHEBRMICEIT S FeO 0 EFRIIRER
BV -F 527D, MnO-Si0,-ALO, ZTEXT
v

Al, Si, Mn *&{bLEWEOMICITKORIGEHE XD
5.

(Si0) +2Mn=S8i+2(Mn0O) rereevreienes(5)
Kiis =as; - arMn0?/@pn?-Ggio, oo (6)
1:5(8i0,) +2Al=15Si+ (Al;O4) -erecooer (7)
KAs—_—aSil's'ﬂ'A‘Igog/ﬂAtz‘aSto,1'5 (3)

Z ZC Si0,, MnO, AlLO, DEEIIIEHEIRIE S Bk
MBI L b, Si, Mn, Al OFERIEEDOHEIRHR
BHEHMEITED.

(6), (8) XD Kys, Kas WROREDOEH A= *
ME-FLDRD LS.

aE, (9) BXO(13) KoBH = F v F —XEIRC
X OHERFEEOEANE IO LT 5.

Si+20="Si05(8) -+ -wrereereresrrmmrememineanns (9)
AG%= —140 540+ 53797 -o-evevreriiniennnnns (10)
2AL4+30=Al,05(8) -+--evrerermmsemienisnanns (11)
AG9=—296900+109°3117T creerneneennnn (12)
Mn-+O=MnO(S) -wesereerermnemrennirens (13)
(9), (10) KBXC (13), (14) KXY
2Mn -+ Si0z(8) =2MnO (S)+ Siv+eceereere e (15)
AGy=2740+821T +orrvveveereereereeieeene e (16)
log Kyg= — 4G9/ (4-576T) = —599/T —1-792
-(17)
W RIT,
log Kys=—2"12 (at 1550°C) - +erereeeee (18)
=—2"11 (at 1600°C) +-s-exr-re--(19)
=—210 (at 1650°C) - ---e=me--- (20)
(9)~(12) K& b
1+58i0,(S) +2Al=1"5Si4 (ALOg) w-:-ve-: (21)
AGO= —86 090+ 28626T -o-reveevreresereens (22)
log Kag=—A4G®/(4'576T) =18 813/T —6+256
................................................ (23)
Wpxic, log Kag=406 (at 1550°C) - ersreerriens (24)
=378 (at 1 600°C) s -e-vmveeee- (25)
=352 (at 1 650°C) --vrmereersne (26)

BELNS. (6), (8) XX bHEMEKEHERERY
MROBMRZ kD B diciX, BRERS OEERS OB
BREBWES DEREZMDLEYD 5.

WG LT HIEMAREIE%Z Table 6 TRLAEDDE
THE, INLOEGOEERTDRERITEATEL
WEE ZTIL2h2B. BEBAERD L LTI,
MnO-ALO;-8i0, Z%##%¥%x%. ZORKRFHERR
DWTHAEES E DD TAEL, WEBPI RS FRIT
B 5BEmT— 2 2FRALCE=nRickiyd MnO ¢

N
L
7
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TS IR OSBRI B 1 B BBRIC 21 T 1321

3A'zos' 2SI02
A\ 20

MnO 20 40 60 80 Al,Os
wt %
Fig. 13. Equi-activity lines of SiO; and MnO
in the system of MnO-5i0;-AL0,
(1600°C)2%

Si0.

\/ AV

MnO 20 40 60 80 AlO,

Fig. 14. Assumed activity of alumina in the
system of SiO,-MnO-Al,O,.

Si0, DIEFREHEL T, Fig. 30X SHFEREZH/ TV
B. T, ALO, OFERITOWVWTHE, 1, ALO; O
H 5EEAC BV TIE aa0,=1'0 & L, %7z, 3ALO,-
2510, o T 5EEIC VT, ChO&RTHEH
TARNF—XD

3AL O+ 2810, =3A1,0;- 2810, -+ ---eeveeea- (27)
K=1/(0A12033'ﬂsi032) (28)
| € 1B U R P ¢))

LHEELTWS. ZORXD,3AL0;5-2810;, O HET 5
BRFIC 1T B asio, & Fig. 13 X bk, (28), (29)
ALY aan0, ZRDBZLHBNTES. T —HMRKIC
B35 ALO, OFEEIE ALO; % L1k 3ALO,-28i0,
DT T 5&H BT S aano, & ALOs EFE 0%
BHEHE UMK L, Fig. 14 X Sl
SE L7z

400
3000 —-~==- Mn=045% |550°C
'é oo \\ Mn=045% | 600°C
o (01 553
- IOO — _\ Q10
5 80 f=—=d0% I o7 N
e
; 28 B Si (%) ~ \
5 N e ™~
= 30 R \
] o
2 20 NN
. \\
10 ;
000! 001 ol
Sol Al (%)

' Fig. 15. Calculated values of dissolved oxygen in
the steel deoxidized with Al-Si-Mn.

ggg G -—-- Mn=010% | 550°C
= N — Mn=010% | 600%C
a 200 i 005
[« %
SR SEEa
c o 02
g 100 bt Q05 ><—7; roy)
2 80 . N
5 60 oz = =
Si (%) ~h \\
B 40 B N <
3 h \
2 ~
& 20 [ "~
10 1 2
000! 00l ol
Sol Al (%)

Fig. 16. Calculated values of dissolved oxygen in
the steel deoxidized with Al-Si-Mn.

ZDX 5 L'T 85i0,-AlL,0,-MnO oA L, &
B RkDBIENTES. ok, BILBWOKIEBI >\ T
V%, 4. Muan SNz ffD7x.

T, BERARRIMAR & T T e T B RS DIEED
BRBERED X S LTHESINEDT, (6), (8) R
WX 2T amn,s asi, aa1 HEMIC—EDBERBET S Z
Eiind. Tihbb, aun asi, esr OEZFOMHEICHL
ag B3R D B, FIFFCZ D & & D4R LR KD
bhs. ZOFESERE ETHREBFECH LT, Fig.
15, 16 ¢, %7z, LpkEB{LPskic > Tk, Fig. 17,
18 iR L. %7, ZAROHMETHMENRET
5 561E, TOREMEE LT amn=0"45% L ED T as1
Loaa DEBRERDDLZENRTES. asi & aa VXIBEHHP
KEENDRE DIREMMEVWIHEICE, Thth, T
RECKEPLDZLEBTESHDT, 1600°C[%Mn] =
0°45% DFED [%A1], [%Si] & A pkER{LY4E Ak D B
RERKDT, Fig. 18 WRLiz. ThHDOEH»L, AR
EREM D 4581 T 1, corundum mullite, 2MnO-2A1,0;-
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Mn=010% 7 Size range
2| soor A e o drcted
0001 ey AlSB SiO,
A S B B
5 PSP L BN T PT: [ 1550°C
a -7 A © [100~200 -
\3(\&)«7, [ ] O | 200 ~ 300 C--: l GOOOC
§ 2 2’/’/ 2MnO- 24,0, - 5Si0, | ® CO) 300 ~ 400
_ ¢ 400 ~500 Iy
< 0000! d 47 O [500~ 600 Cristobalite
< / O |s00~ 700 P
o i Vd
[ - - /4
O O [700x . ,/’I
) -250 1 Mullite
d0, P
2 |/ho!
T
000001 : N
0000l 2 4 6 000l 2 4 6 001 2 4 6 OF. &
Si (%) &
&
Fig. 17. Estimated oxide composition in the steel NI

deoxidized with Al-Si-Mn.

Mn=045% | 4
. 1 600°%C RS By
OO}l Qo‘\)\\.@. 1
6 4 y //’
4 A 7/
/ 1T 4
—_ : L-T 2Mn0-2A1,0,- 5 Si0,
Q) “1A
& e Sl Ve /
- ¢ 22T Ve
e - N
o000l |- et A o
St e
oL R LT
4 ﬁ/\\;,/o“ e ,/s\ /]
Go\o* o(& &’é‘\ /\C/
N
oocop LA VEL & /14

0004 6 001 2 4 6 0 2 4 6 I0

Si (%)
Fig. 18 Estimated oxide composition in the steel
deoxidized with Al-Si-Mn.

5510, spessartite, tridymite »S[RERAER & LTET D
ZEBHEEESND.
ZONEWERCET 55 B R ERE L by T
Fig. 19 Ry, WERRL —HLTHD, Fig. 18 »
5, BSERES LT, Th & BT 5BRILoERE
HELTHRWERBRSTONS.
ik, BRBRFEOSEMEELHEMEE Fig. 20 it
WLTRLRED, Bn—FHE2RLTwbHLE Wz k5.
=T, ZO XS5k, Al-Si-Mn-O ZOREBREGH TIC
BWTIE, i, Al X0 Si S BEBROEVRETII,
BEOCEHERIIAESEHT 2D, ThiERihEc
0T, TEMCEETHRDICE, BESBEDO I
be =, EbOTKRERAMRFHFR RS, Thicx
L, BEREBMTISDODTHEIITHD, Fi, Al Si
EFED FER g OBEFPER Shd kit
5.
4-2 Ca, Ba ZEHIHEEHEBADHRICONT
FHIRICHEIL D, Al Si, X Ca T X % ByREER

MnO © ALO,
Mn=045% Si=003~0'10%
Al =0001~0010%
Fig. 19. Compositions of non-metallic inclusions
in the tests A and B.

400

300} Si=002% — oo
-==-=1550%
E 200 o © o
& C%|[Si% Mne |
L L 0. O | © | o003 | <002 joaolisso
- 100 ~\\\0 o) (o] o | ods %Y ogmssto
& 80F "ol 9nC _Si=005%
2 60F N .
o ~ Si=0'10%
- A0F~=~——==% =7
g b <
s | TTTTmeo~Ees B
% 201 s
a S
Sa
! ) ] 1 |
0001 0002 0005 0010 0020 0050 0100
Sol Al (%)

Fig. 20. Relation between disfolved oxygen and §j
metal composition.

COWTHEERTR27, ThHEDWThHARFED

BWZisict 2 BT ELPDRDOT, £ OHEMTER
1525, TROOBRBAZESLTRAL BV-BRG
ReBrhErEL, BRiLRb0oTHS. ThHOof
LiEFIO—FlE LT, Al-Si-Ca-Ba &, Ca-Si-Ba &
DHOHRE 2 LNH, FOEKNTE 2L SR
KODXS5TH5.

B—it, Ca REXOEK[IENREDLDTEWT & &{LE
RISHEBEDLDTREVZ E, D, BEHEECIIEHE B
Wit ZOEPHETSH-DIL, Ca % Ba K ETHR
THTLELXLDT, TDEI[EEFS S, LERGHE
PEMT L LIt koC, Ca OMBWEESER T¥MIT
HEIELHRERFD.

B, Ca FE&RERPoEEERNERORE, A
o MRFCOXOSHREBR 2 UET H2HREFE>.
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DX 5 EEIR AR prbbT, EETX
ek, UFLHFIDORIREZZE LA TV S ERT WA
V. ZOFRERO—D, BIE~OBERESENTED—
STREH BN, T LASRIX S, TEMCEDOR
BERREXRIRPORLEETZADTHAS. SilE, T
® Ca ORISR INGIT B2DiciE, FFERCEDREE
KlTdH b, ftk Ca-Si L LTRAVHRTWIEDR, Lh
h bbby, RBERISHRETELRKAPBH D
T, Ca OILERGHEZ, ILIK—EREMETH
WiT, Ba 2EHTHEEBPERINIDIDOTHS-
ZDPE, Ba OBEIANOBERREXE DD TS,
B IBREORNNGEET 2225, WMOMEZEA
5237, Lrd, Ca oFGHLEERTETS
LrbERTELRS. ZO&, Ca-Si &4, Sio
EHPCRET 20, BEREO SiEFRECE2T,
Ca-Si OFINEIC MR HPNEZ Y, Ca OFINZIR
S CREI BRI ENEMTH D L LHBEINTS
5.

5. &

BIESRBORM & LToHR %, ERFFEI I 2T
e szl AR, EE LT BIRORBE» OB
L. TR, EAREEE LT, AlSi-Mn Rz
B Lo B4iciE, C=0-03~0'07%Si=0'03~007%,
Mn=0°40~0-50%, acid sol Al<0°'008%, EWT
MEMC D EEEOE» DD, WEMARE LT, 5Kk
WHR LS D8 OBERMREE LD, S HIT, THhiT,
Al-Si-Mn-Ca-Ba FROEEHEAZ RTHC&ICX
2T, X DR ORNEMRIIA L 8D T LddbhrDiz.

S biz, Al-Si-Mn RiT k1) 5 BERERD O MK >
W, FEEmCERE L.
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