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Dissolution and Transport Phenomena of Deoxidizing
Elements into Quiescent Molten Iron

Takaji Kusakawa, Yuh SnioHara, and Manabu OOHORI

Synopsis:

This work was carried out to obtain the knowledge of dissolution and the transport phenomena of deo—

xidizing elements into quiescent liquid iron.

Deoxidizers were added as block state or as liquid state on the surface of liquid iron melted in a tammann
furnace. Changes of the temperature near the surface of the liquid iron were measured with thermocouples.
After a predetermined holding time in the furnace, each heat was rapidly quenched into water. Con—
centration contours of deoxidizing elements were obtained on the surface by XMA point analyses.

The results obtained are summarised as follows.

(1) When deoxidizer was added as liquid state, the deoxidizing elements were transferred into liquid

iron by diffusion.

The diffusion co—efficient of aluminum in liquid iron was obtained as 1.12 X 10— cm?/sec.

(2) When deoxidizer was added as block state, the temperature near the surface went down. Owing
to this temperature~drop, convection in the liquid iron occurred and deoxidizing elements were transferred

with convection.
er than that of silicon without a tight oxide film.

(3) When aluminum was transferred with convection, it produced high concentration regions.
Owing to this phenomena, the yield of aluminum was

regions floated up without reaction and diffusion.
scattered.
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This convection in the case of solid aluminum with dense and tight oxide film was strong—
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Fig. 1. Scheme of experimental apparatus for
thermal analyses just after addition of
each solid block form deoxidizer.

Table 1. Chemical composition of each deoxi-
dizer. (wt%)

Al Si Fe C Ca | Ti Cu
Al 99992} 0.003} 0.003] — - — Jo0.002
Si — |99.999| ~— - - - -
Al-Si(1)| 613 | 348 | 1.6 |0063| — {003 | —
Al-Si(2) 345 | 622 1.6 {0041 — |o003 | —
Fe-Al | 49.97 0.04 | 49.29| — - - —
Ca-Si| — |5827] — | o042 |3379] — -
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Fig. 2. Relation between distance from the
surface and concentration of sol. Al and
insol. Al in the specimen quenched at 5
minutes after addition of Aluminum.
(Analyzed by atomic absorption method).
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Fig. 4. Changes of the temperature with time

Fig. 3. Changes of the temperature with time in the molten iron near the surface after

in the molten iron near the surface after addition of a solid block form Al-34.89,
a.fldition of a Sollid block form Al (a), Si alloy (a), Al-62.295Si alloy (b) and
Si (b) and Ca-Si alloy (c). Fe-509,Al alloy (c).
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Fig. 6. Concentration contours of Al and Si in
the specimen quenched into water at 5
min after addition of a solid block form
Al (1-a, 1-b) and Si (2-a, 2-b) for

_ different initial oxygen contents.
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Fig. 7. Concentration contours of Al and Si in
the specimen quenched into water at 5
min after addition of a solid block form
Al-34.82,81 alloy (l-a, 1-b) and Al-
62.29,8i alloy (2-a, 2-b).
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Fig. 8. Concentration contours of Al in the specimens quenched into water at
different holding times after addition of a solid block form Al.
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Fig. 9. Concentration contours of Alin the specimens quenched into water at 5 min
after addition of liquid Al(a) and a solid block form Al(b).
(b); high initial oxygen contents.
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Photo. 1. Secondary electron images and oblique scanning lines of high Al concentration regions and
inclusions reacted at its Al/Fe interface.
Holding for 30sec after addition of a solid block form Al
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Fig. 10. Relation between the distance from
the surface and Al concentration in
the matrix of the specimen quenched
into water at 5 min after addition of
liquid Al
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Table 2. Inter diffusion co-efficient of aluminum
in the molten iron (1600°C), Dge- a1

(cm2/sec).
Investigator Diffusion Coefficientrfisec)
Palinov 2 Dren=15.7x107°
Forster, Richter % Dre-i= 3-5x107°
Schenck,Steinmetz -5
Mehta = Dro-a= 2:5x10
This work Dre-a=11-2 x1075
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Photo. 2. Transition of a solid block form deoxidizer with time after addition on the surface
of the quiescent molten iron, for different deoxidizers.

Table 3. Pilling bedworth ratio of each deoxi-

dizer.
metal @ deoxidizer w
Al 1.28 |Al-348°Si | 1.57
Si 2.27 |Al-62.2°Si | 1.85
Fe 1.77 |Fe-50.0°bAl| 1.50
Ca 0-65 |Ca-58-3°%Si| 1.54
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y: kinematic viscosity
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Fig. 12. Relation between the rates of
convection and the difference of
temperature in the molten iron.
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DERICE 5 Al OIBIOMEORE T, B Al &
IREER T S, TOREBRBEZCHSTFINEL
SEETLEEZLNS. ZOF Al BEBRITARERRE
Hiz W Photo. 1 X S5 izEdBhe.

zom Al REBPERRIG, RIBELCTE LT 5ERT
Al OFMEE B L oMBEZ X5 008 5 —RE
BB EBTHEITES. kXD, Al HFVICEL
TIXRD X Sk Al BEZRD T 51018,

#H&R Al E=Al ifing —sol. Al iz Al &

ZOEK Al &I, Al HEHER & O smElinmke
AW, Al 2T 52 LX) BRIN TV 55,
) A RIFOBBLANVIFAEDO X 51T, BEPIRRIRE
BEWE, FRowE Al RERORKIGRIES CH LT
LHGNE, SREITSIEE VT, BT E R vwigek Al
20—RAFLk5.

4.6 BBRIOBREOTE

REBCEF Ui Al-Si &£40% Table 1 i0m+ X5
Z, WA THY, oM Al-ST R &5
bk Si BEB L5, ¥7-, w2 apl P.B I,
G40 TR S35 &+ DEBRICEEOEE ML
SOCHMEDORER L 5.

Al-Si &4, Fe-Al £4:1% Table 3 TRT XL,
EwmCRELBILERERE RS, Lir L, AlSI 540
B4y, IR Si o bicfE s Eh ot X b, %
PREM LA~D WA & 70 HIREE, AL BRIRIRINE D 3 &
<D, BYSEMEEOREEILOERFERS X < FH
TX5.

Fz, AV Y A~ Y Lk BARREET IBEERIC
EfhXE5E, BVVYADERICELLSBRITED
55 BRESHRC KV, RERAITLR OB ER (RiIE S i),

WINER D S ERER T, SIS BRI L, EH%PEE
W—RELRD.

5. &

VSR DR & MO T 5 e e, ToE—
EXPE T & 5 REEFI OIS IE L B VT X oM EhEE 2 MRt L
TIRD X 5 IsfEmmd g bhviz.

(1) B RASEmICRERORERAZ § s Lz
#HOBEBRAITTER O S VIS B E TR T &, Al ©
PRERREL L LT, 1.12x10-4cm?/sec HME HHL7.

(2) EIRIECH LA i PiE A 2 iR in g
5 EBSEREE BT SV TRERETHRAEL, ThicfEd
BRI FEE U, IREEAIRINE TIASkN T TR i
SEIREHZIES. oy, WEEAIOER{LEIENE
TCHER D ORBFZECRDOONE. Tihbh, Al %
WAIRTIINT % &, ININERICIEERN TR 74 L,
Si FINZ W TRERD B .

(3) BERFIRINES T Wk C Eekn i) Lz Al
VIESRNT B Al IRERAZ/ED, Caieman $RIED B
REBRICTRERTEDL LR TE . T, Z0H
Al JEEEIRVI KRR IGRINI DO £ 2F L L, Al IRz 4
BooREoLo20RREE B Z LB TRITE 5.

(4) BEROBEEOEERVFEBRETH AR &
EAEERT DD, HEBATEROREARLEZRET
DEITVE, RERAIRINER O EZ LS B2 B ET 5
VIR 5.

RBCAMERIC I T XMA S @ h TS o7k
B XESH IR HALT, SR Wil R E# v
7o LET.

T, AHIRREER, %<0, HBhEE TS
7oA B RRARIY U HRES S 19 BELS D
FEDTT RN LET.
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