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Formation Mechanism of Dendritic and Spherical Alumina
Formed When Iron is Deoxidized by Aluminum

Takaji KUsAKAWA, Yuh SHIOHARA, and Satoshi ARAKI

Synopsis:

This work was carried out to obtain the knowledge of the formation mechanisms of dendritic and spherical
deoxidation—products. Aluminum was added as liquid state on the surface of the quiescent molten iron.
After the specimen was quenched, its vertical section was analysed by XMA. The shapes of the deoxida—
tion—products in the specimen were observed by SEM after deep etching.

The results obtained are summarised as follows.

(1) When the molten iron contains more surface active elements, the alumina/molten iron interfacial
energy becomes lower. The lower this energy is, the smaller the critical super—saturation ratio for nuc—
leation of alumina becomes. This critical super—saturation ratio is obtained as 5.55X 108.

(2) The dendritic deoxidation—products grown. to aluminum-rich direction are o—alumina, and ano—
ther grown to oxygen-rich is hercynite. These different shapes depend on the crystal structures. The
smaller the super—saturation ratio is, the thinner the dendrites become along their principal axes, that is,

they become acicular.

(3) The spherical deoxidation-products are formed by remelting of a—alumina by increasing soluble
aluminum, or from their liquid state as complex oxides with low melting points.
(4) The clusters are grown by gathering of various deoxidation—products which have different floating

velosities.
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(1) Fe-Al-O system

{2) Fe-Al-O-Te system

Photo. 1. Secondary electron images of alumina layer for different initial compositions 5
(holding time ; 300sec.)
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layer. (holding time ; 300sec.)

Photo. 2. Secondary electron images of deoxidation-products for different positions in alumina

1) upper position, 2) middle position, 3) deep position. (Fe-Al-O system)
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Photo. 3. Secondary electron images of deoxidation-products for different positions in alumina

layer. (holding time ; 300sec.)

1) upper position, 2) middle position, 3) deep position. (Fe-Al-O-Te system)
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Photo. 4. Secondary eclectron images of deoxidation-products for different holding times.

(Fe~Al-O system)
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Photo. 5. Secondary electron images of three typical Fe-Al-O deoxidation-products.
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Fig. 4. Development of a faceted dendrite.
(From PAPAPETROU™).
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Fig. 5. Faceted dendrites of materials of two diffe-
rent crystal structures. (From SARATOVKINI®))
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Al Oy (hercynite) % Fig. 4, Fig. 5-1 ok 5 I Re
ZE2 L, REHFHD a-ALO; (corundum) i3 Fig. 5-2
LONWEEET L2 LBEZONS. ChE/EDE
Fouh B Photo. 2-2 X 5 s Al iR EAIEE IR
R U7 BIOR AT, £ oies s a-ALO, TH D),
VAR AL OYKETTE 2> 5, IARRRRSE DR AR HIi~
Bk L7z Photo. 2-3 o itk dRimesE ik Vs, FeO-
ALO; (hercynite) L#% Hh%.

5. f%

TILTESRD Al 1T X 2 BSR4 BT B BAERAE B
ERRBREE R L, WX 5 nkEmanEs hie.

(1) #gkid, BBFR, Tl X OEmERITEEERE
DIEEITE, 7oV R /AR O EIERTE = 2 oA —
DMETF L, 7ov R O o720 o BLE AR 1
LAIET L, Bgkhickvwed, +omBERER+T 2 &
BAbN5. KERBERID, ALO; ORAERD 7DD
BABAFIEE S* 1%, 5.55x 108 p3E 7.

(2) BEERAERME UTAR L ALO, IX, rAfE Al
IREEDS 0.3wt% 2z, Foho D OBEOHIE T
I, HERL, BRREZET2 0%z 0505,

(3) BREARHE LTHIEE S s BRIRAEmIZ (2)
DSy, FE& LT Al iRinE#% 30sec DLNT 4R
L7z, FeO-ALO; (hercynite) SR{ERIABEILYTH 5.

(4) BHBCEHEEINBZER (4528 —) 4
ML, FIEBZRS VT ENEDOR EERCLY,
RBRERE Licd D & LCEsRX .

(5) HHARBIRRERME, P LD a-ALO, 713
RS F, FeO-ALO; (hercynite) DFCFBDR 15 % 15t
BRIRIERRAE D SFET 5. DF D, RS, Al rich
fI~Ef L7z b 0lE, a-AlLO; TH b, BEFE rich {Hj~
JKE Lz D, FeO-ALO, (hercynite) o#iiikiine
LR THS.

(6) BIECRIREBRAERDOEIEL, REMIIC I WT
W, TOREIEERKE BET L. a-ALO, 1XAF
TH D, FeO-ALO; (hercynite) 1Ir 5 THY, D
AR B & & b3 T X 7-. (Photo. 2-2, 2-3)

(7) #HbBEshcEe: LcEEsh s Bk 7 v 3

)

TV, BAKROBBMECERSNS. 2D, Fe-
Al-O FRDE 51T, *OBEFIESE T NIE, Eiok
v, RO CEFIR 7 v R >3 L, Fe-Al-O-Te
FRDX ST AZATREED @A A R E, oM
v, SHRIGEWBIER 7 v T = AR KES 5.
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