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The Influence of Kind of Deoxidizer on Rimming Action

Kazuo OKOHIRA, Minoru IwAMOTO, and Hisashi Mor1

Synopsis:

The influence of various deoxidizers on the rimming action was studied by making 330 kg ingots.
Each deoxidizer was used only during the teeming of an ingot, without the addition of deoxidizers

during tapping.

The state of rimming action, the quantity of foam in the soldifying liquid steel, the structure of the
ingot, the degree of the negative segregation of carbon in the rim zone, and the characters of deoxida-

tion-products were observed.

It was found that the deoxidizers were classified into the two groups, rimming-promoting deoxidizers
and rising-promoting ones, from the different influence on the rimming action.

We presumed that this difference was caused by the different influence of these deoxidation-products
on the life of the foam in the liquid steel, which came from the difference of the melting point of

each deoxidation-product.
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Table 1. Aim compositions and aim temperature of liquid steel.

C (%) Si (%) Mn (%)

P or S (%) H Aim ot teeming

O (ppm) temp. °C

0-05~0-07 <0-01 0-25~0-35

<0-015

¢!',
!
! 1 560-80

450~-550 l

Table 2. Chemical compositions of used deoxidizers.

Kinds of deoxidiser Chemical compositions (2) Size (mm)
Shot Al 93}3 — — — — 5¢~3¢
Misch metal 9&; Ié‘g I\ng T.gé%zm — 3¢ >

Fe-zr % 79% - - — ”
Ca-Al o | Ca — - — ”
Low-C Fe-B 209 Py o' 7 - ”
meoren | T | % | oW | - | - |-
Ca-Si 5§%7 31 OF%Q - - 7
si - 053 — — — - ”

Table 3. Discussed points and methods of research.

Discussed points

Methods of research

+ . 1. Character of rimming
action -

o Observation of rimming action during. and after teeming period
o Negative segrigation of carbon in rim zone of ingot
o Observation of distribution of blowholes in ingot

2. Quantity of foams existed
in _ liquid-steel  during
solidification

o Observation of foams on steel shell chilled on 15¢ steel rod

3. Characters of deoxidizing
products .

o Observation with optical microscope

o Observation with scanning electron microscope

o Chemical analysis of extracted deoxidizing produts
o X-ray diffraction
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<, 3mm LUFD/Npr e LT, BEEYE*T 75~185ppm
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70 LA LEEOHETHRANS X 5T, FEEH L/NE
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Table 4. Characters of heats and rimming action.

Used quantity | Chemical composition of lig. steel Jx . . .
Kinds of | of deoxidiser (%) %:r}:;. Evaluation of rimming action
O equiv- O il Fi I di
deoxidiser | g/t alents C Mn P (Teem\) p:;sif)d prc);?;g‘e 1atel Last period
(ppm) (ppm)| \Temp
1 600 S ®kx
115 102 0:073 | 032 | 0°005 | 0-013 500 | (1575)| 2 3 4 5 4 3
Al 1 580
130 115 0:085 | 0-27 | 0004 | 0°012 310 | (1570) | 2 2 3 4 5 4
— S
155 138 0-068 | 0-34 | 0-005 | 0-011 390 | (1570) 3 4 5 4 3
1 565 S
Misch metal 790 135 0-068 [ 0-19 | 0005 | 0-014 — (i ggg) 3 4 5 S4 3
840 144 0-100 { 0-35 | 0004 | 0-011 460 | (1 570) 3 4 5 4 3
— S
355 100 0-066 { 0-32 { 0-011 | 0-013 380 | (1570)] 3 4 5 4 3
Fe-Zr 1 580 S
420 118 0:070 { 0-30 | 0°010 | 0O-015 — (1570) | 3 4 5 4 3
1580 S
420 118 0:062 | 0-30 | 0-003 | 0-015 520 | (1570)| 3 4 5 4 3
1575
133 115 0-061 | 0-27 | 0-005 | 0-016 580 | (1565) 3 4 5
Ca-Al 1 580 S
145 125 0-100 | 035 | 0-004 | 0-011 460 { (1570) 2 2 2
210 165 0-082 | 0-30 | 0-004 | 0-008 350 | (1570) 1 1 1
1 580
200 87 0100 |1 0:35|0-004 | 0-011 460 | (1570)| 1 2 3 2
Fe-B 1575 R##H (Al)yF+® §
265 115 0:061 | 0:27 | 0-005 | 0-016 580 | (1565) 2 1 1 1 2
1 565 RokHH (Al)yk*x S
400 175 0:068 | 0°19 | 0005 | 0014 — (1 565) 2 1 I 1 2
— R (Al) S
420 118 0:066 | 0-32 | 0°011 | 0-013 380 | (1565) 2 1 1 1 2
Fe-Ti 1590 R- (AD) S
420 118 0-053 | 0-31 { 0-003 | 0-015 630 | (1570) 2 1 1 1 2
1580 R [(AD S
580 165 0:060 [ 0°30 | 0005 | 0-015 — (1570) 2 1 1 1 2
: 1580 R (Al) S
160 75 0°085 | 0-27 | 0004 | 0-012 310 | (1570) 2 i 1 1 2
Ca-Si 1580 R (Al) S
190 90 0:062 | 0'30 | 0°003 | 0-015 520 | (1570) 2 1 1 1 2
400 185 0-089 | 0-30 | 0-004 | 0-009 350 | (1570) 1 1 1
Si 1 600 R (Al) S
98 112 0:073 1 0-32 | 0:005 | 0-013 500 | (1575) 2 1 1 1 2
* It is assumed that used deoxidisers completely react with O, and form following oxides.
Al -— Al,O3 Fe-B — B,O3;
Misch Metal — CeQ;, La,O; FeTi — TiO,
FeZr — ZrO; Ca-Si — Si10;, CaO
Ca-Al — Al; O3, CaO Si — Si0g
i 1 2 3 45
weak violent
*#* S :Sinking, R :Rising, (Al) : Addition of 2g Al/ingot
DRI ALY, ZEF LV EEHERL TV, 3.1 FABEEER

3. R B ¥ R
ERERE, VIS T Iy LRI, BRSO
CHRAOKBS KR L NMERRAE L CHTT, =B
D DFEBRAIOFEREMNCEERT 5.

EREYEIC LT 75~185ppm HYMBOXEHRER %,
T ABLA S HRT TG L TR A UIRETIRE L /-
=D, VEHHMRK, BREFHERAR, VI 57 a3k
a2 % LtwC Table 4 TR L7,

Fig. 1 itl3%g v — bOFARIO C-O ORAFREMHERAL
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Fig. 1. Relationship between C and O before
teaming.
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Ci

1
Misch metal  Co-Si Si Fe-Ti FeB
Kinds of deoxidizer

Fig. 2. Oxygen equivalent of each dcoxidizcr used
in each ingot.
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PURBIETE DD, ABRERER VI I7ov
ETDHCLEL, HEHBSERL (BEL) 8255
SNBITECD. O 1~2g/ingot, BEEYUFIT L
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' Co-Al  Fe-Zr Mish-metal

Rimming oction promoting deoxidizer

Rising promoting deoxidizer

(x1/2)
Relationship between quantity of foam
and kinds of deoxidizer.

Photo. 1.

(sampling period : just after teeming end)
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Case where steel is deoxidized with Al

Omin | min 3 min

Case where steel is deoxidized with Co-Si

min ~ I'5min

(Completion of (Rising period) (Sinking period)
teeming)

Photo. 2. Change of quantity of foam during
rimming action.

ERFREE LB, mEOHETE LT, BHmTEA
F42&9 10em BLEd ERL, BREOKET KEL
ETLVWHDS Ky 2 2BO ERERE ET5HE £
i, Y AERIdRIBOERE»HS. Fig. 3123 ) A58 T
OCOBERITRRER L. Ry 2o VR0 ESR
RBtL, Al RoRERFIZER L@tz b, Ca-Si%
DOREFZER LTI, CORIREN, ey 2
THAOGRETBTL, VI FFT oy a U HBEEILOR
T EHEREINSD.
3-2 X ARBIEBIERM 71— I JHhOER
EAR BEAZ 2L A Lk v EEABOBERE,
T x— 3L FREBE2TWS. ZOREBOBC Al
Fe-Zr, Ca-Si o —BOREAZEAL, 71
— I TR ISR R R L. BEBRAHR AR EE YR
TH 30ppm FEYTH 5. Al R E Fe-Zr {f F B
WRIERERD Z#ER L, LR E Ca-Si FRRFE
He#E LT Fig. 4 i257<. Photo. 4 I /IABEOTELRIIK
&) AH O KBOHFHRMERT. &5 Photo. 5 1T
WIESER O TR ORI ZELE R Uiz, Al Fe-Zr {#

# C=Cs C.:C% of liquid steel in the ladle
C

o7 N Cs:C% of rim- zone in tha_ingot
§osf

“5 g 05}

5%

o

Oq 04

5o Kinds of deoxidizer
82 X

og 03r 7 g o AL ® Co-si
£ ozl 7 A Fe-zr A MetSi
g’ 3{,’ Ay a Ca-AL u Fe-Ti
2 o} By  Misch” X Fe-B

y S -metof & Ca-Si~Ba-All
1 1 1 i 1 1
0 10 20 30 40 50 60

Distance from ingot surface {mm)

Fig. 3. Comparison of the negative segregation of
carbon in the rim-zone of ingots.

r feemin
Teeming F—t e ming
Al
or | Deoxidation® Al (wlOgr/ingoT)
Fe—Zrjpyi i
Rimming action |  roaming Foaming Normal riming action
fter teemi
Teeming - /-;._‘er eeming
, ) L x . CaSi A little of Al
Ca-Si| Deoxidation 22ty
Rimming action | goqming Foaming Rising  Weqk rimming agrion
0 | 2 3 4
Time (min)

Fig. 4. Diagram of difference in rimming action
caused by kinds of deoxidizer.
(* Deoxidizer was added only after the
end of teeming)
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3.3 XAth Al TY 22 70RB% Ca-Si FMI 575
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Pa

Misch-metal

Rising promoting deoxidizer x1/5

Photo. 3. Relationship between shapes of top parts of ingots and kinds of deoxizer.
(% « Liquid steel at teeming end.)

BIC 78 LIcRiBoRG, Mmoo cERkiie - 34 TEPLCONT
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AT XS CEPATOREIIEEAEFELLE . Zh o Y 48 L 3 7 —HONEDONF MG R
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Al Ca-Si

Shope of part of ingots (vertical section)

Al

Distribution of blow hole in ingot
(transverse section):

Photo. 4. Comparison of the structures of the
ingots which were deoxidized by dif-
ferent kinds of deoxidizers after the end
of teeming.

Co-Aj

RNEDHE L, PEEIE NIRRT ROMEDT
DWTh, EPMA 5% Ef Lrcnd, A LcBiEEA]
WY T 5RATERITE A FRE SO

% ZCHERAR AEZOBHRER L LT, Ll
ERP SRR IO B R Lokl BRiEHE L,
FeO % MnO ZOAIEME BAKRE L, BE L ULTEIR
EINNEWME XY Y 29 2k bicod, EEWETH
85 500 £275 50Nz 2000 £5CEIEE L7- 555 % Photo.
8L9WARLA. Al Fe-Zr, 2 v A XNicEY T
v T RER ONREEFIZ R L7l 2u~5p OAIED
e NEESTDSRD Hb D%t L, Ca-Si, Fe-Ti, Fe-B 7x
ERSRBER D EsAIZ 65 L Bcix 1~5p 38D

Al
4 .
Sampling During Just after |3Osec. of ter
period foaming |Al-addition| Al-addition
f 5
Co-Si_ B ol A
Sampling During Just aofter | Imin after
period foaming |Ca-Si additionCa-Si addition

(x1/2)
Photo. 5. Observation of foam on steel-shell chilled
on 15§ steel rod.
(Non deoxidation during teeming)

. E .*, ¥/ R
Somplingl | ¥ 2 3 4
period | Al-additon| Ca-Si Al Co-Si
(x1/2)

Photo. 6. Change of quantity of foam with kinds
of added deoxidizer. (#* ct Photo. 7)

o' B NEWMDFRD L.

EEAERCHE LN EDEEWRSIT LERO—
% Photo.10 iz7kt. Al {HFHREOANEMIE Al & Mn-
DL T H Y, Ca-Si FRAREO MERE Si, Mn O
BEiLThHD bbb,

X SICHABY A5 F Y TR L2 F v,
3 — Y 7a— VEETHEWHEROEESIT L, K
EOXBRK &2 T2/ FOfFER% Table 5 RT .
NEWMERSTERE2 55 &, FALRBREEE X
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; Time 4 3 2 |
- i
! . } H . .
; T : K'Sg:dc’f After Ca-Si | After Al is |After Ca-Si |Rimming action
| 2t deoxidizer | IS added aqain{ added again | is added control with Al
., B f Rionérng;\g Rising Normal Rising Normal
% - ]{\ > ’e
] ; - ! {
r'a & i
: % " W ¥ [} * H ;
. ?'*ﬁ J ‘x
- L (xVi0) 1o (xl2)

g to2en

Sulpher print of

e

vertical section of ingot

Characteristic S-segregation bands caused

by rising

Photo. 7. Structure of the ingot in which Ca-Si was added during normal rimming action.

Table 5. Identification of inclusions.

Kinds _of
deoxidizer Al Ca-Al | Fe-Zr |Misch metal Si Ca-Si Fe-Ti Fe-B
<| MmO 0-0396 00249 | 0-0163| 0-0110 00590 00435 0:0598 | 0-0169
)
= SiO, 0-0060 0-0058 | 0-0050 | 0-0074 60273 0-0171 0-0086 | 0°0030
= | ALO, 0-0218 0-0231 | 0:0033 | 0-0021 0-0015 0-0028 0-0084 | 0:0029
8 Spec,i.a! co-
g g‘“lzi‘;fé“&“ CaO ZrO, |Rem oxide CaO TiO, B,O,
& | additon of 0-0012 | 0-0277 | 0-0086 0-0014 0-0283 tr
O | cach de-
oxidizer
Identification by| MnAl,O, MnALO, ZrO, CeO, 2MnO-8i0,| ZMnO-8i0,| 2MnO-TiO,| B,O,
X-ray diffraction| (>1 700) (>11700)
(m. p. of oxide®)| FeAl,O, FeAl,O,
° (>1700) | (>1700) | (2700)| (2600) (1 340) (1 340) (1360) | (577)

SHELT WHH, Ca-Al 53 Ca-Si{FHEH O
CaO DHHEER AlLO; & %X Si0; DRI g
THEEL . —F X BERERICXS &, Al £k
Ca-Al FEHBROBEARDE MnAl,O,, FeAl,O, %
%<, Fe-Zr {fifRE X ZrO, T v & o » Zv {HFAR
ik CeO,, Si F7-1x Ca-Si {HERFICIZ 2MnO-Si0,,
Fe-Ti, Fe-B R+ Fh 2MnO-TiO,, B,O,
BERELEDOTWSB Z ERBbrok. TRLEDMEDGD
WD > BEIEY RHELTAED L, V)RS RERD

REEAIGE R O [RERE R TH 5 MnAlO,, FeAl,O,,
ZrO,, CeO, 7t EFX v bEi&ss 1700°C DEE &
BIBE X V2 TBEVOIX LT, EE{RER O
A% EH LB BEEERME 2Mn0O-Si0,, 2MnO.
TiO,;, B,O; & izEbsix 1400°C PUFC, BIRIEE X
DEWZ EB3bh 5. F72457R L7z Photo.10 OA7E
vz, Al fHFEREIZ Mn-ALO, T& v, Ca-Si {FRF
t¥ 2MnO-SiO, TH 5 L 2 bh, WEHERDD Bt s
D, LB OTHHEPCEME D, BiE 2o
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Al

Fe-Zr

Misch-
metal

X 2000
Photo. 8. Scanning electron microphotographs of extracted inclusions.

2=, AEIINERERLE RS IUCNEDE VS HE
DELEDOTWS.

1. = =

FHEREIC X D, Vv FRABERCE XD TR
BOTEL THB.

ZDOEREDE B AR OKBOFERIOBET LY,
BRPCTFET M NKEBFOBROECEEAT S L £ 2
bhd. ZOMMIBOFERIIJEOAERERE & KB
DFMDINS L ATHRELLDEEZLNS.

LS bREOALFKEEBRIGE, $8, EARE
MEDEAEH, C, Mn, S L~ULH RIE—ELD,
OERXIVEESL. X5 O REEMERTHRELTR
HMOFGERTHIERE LTHEINTL 5.

EIREBRAE R ORI A S 5 WIEBHE OEh L D

Ca-Si

Fe-Ti

Fe-B

X 2000

TEOZEX Y, KEEROKELD S 20EPEVI A
X0, HLVIEBHESHRIRAPE» E VD RTHERE
Ao BIEBEREC 5.
DEDREEAIC LBV 2 L SARKREOEY, BHRL
NIV L FRERA R OMEIR D £ X D BRET L.
41 BHEBRIEBRELIANLICONT

EVERED B B R EOBIZEEESEL, BHPER
WS EETHLEOBREZE DD, S>ELHETE
leh>otz. X ZTHI#E 100 kg ORKHEEBERFT
) & FERIEYOME A L, 1580~1600°C CHFRNE
LT, 500ppm FMYOEBEREFIZAINL, RINAT
BoOBEHBBEEY, CrO, ZIEHRERRE Lz Leeds &
Northrup 8 o # g% v CllE L, 20 R % Fig.
Sz L7z

Al OIREESHEIET XL, Fe-B BREFEWbIX, V
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Electron
image

Al

Si

Mn

Deoxidized with Al

(x 2000)

Deoxidized with Ca-Si

Photo. 9. Qualitative identification of inclusions by EPMA

2 {RER o> Fe-Zr, [AERER D Si, Ca-Si TR
BEZhEBITIZ & A EENL V. OF D HEREIE AR OESE
L ~vhs 500~600 ppm & JEHICE WISV, BEEKIO
HiE L BRI, PEEFEE> STFEShBITE
DEXINZ L ETER LI

ToRAZPTHIFHLI-X ST

i) Fig. 2R LT LK, HEARMERZ(LEX
Th, BEFHIOEEL L5, Y I SE%HE RN
bbb, (3-1 18) '

i) Al 2T, Ca-Si REEFITD 7+ — T 51F
HIFITE 525, Ca-Si ZREEAIEARRCIE, ZF0%IEE
+5. (3-21H)

iti) Ga-Si 2 UCEELTER AL 2RSSR

(I~28/ingot) A% 23T, Wik zohs. %
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Fig. 5. Comparison of deoxidation efficiencies

among different kinds of deoxidizers.
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