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Formation Mechanism of Silica Inclusion during Solidification
of Fe-Si-O Alloys

Rokuro SAKAGAMI and Takashi SASAI

Synopsis :

During the repeated cooling and heating of Fe-Si-O alloys (0.07<8Si%<0.81) from 1600°C to
1 555°C, specimens were sampled from the melt at 1555°C by using Cu sampler, silica tube (inner
diameter: 4mm) or silica sampler (10mm). The behavior of the oxide phases formed during solidifica-
tion of the specimen was reported, with particular attention paid to the distribution and morphology of
dendritic inclusion precipitated in the intercellular region of solidified structure. From a qualitative
investigation of formation mechanism, it was concluded that very fine silica particles, presumably of
several tens angstrom in size, were readily formed in the boundary layer enriched with silicon and
oxygen, and the reaction Si+20=Si0, proceeded there to equilibrium during solidification, and they
were pushed along by the advancing solid and gradually accumulated just ahead of the solid-liquid
interface. Silica inclusion was formed by successive adhesion of silica particles to the possible nuclei
suspended in the liquid phase after enough accumulation was built up, and the morphology of silica

inclusion was strongly influenced by the size of very fine silica particle.
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Photo. 1. Spherical particle and dendritic inclusion
precipitated in the intercellular region of the spec-

imens sampled by a) Cu sampler, b) silica tube,
c) silica sampler (added Si: 0.1%).
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Photo. 2. Dendritic inclusion in the specimens of
various silicon contents (sampler : silica tube).
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Photo. 3. Change in the distribution of dendritic inclusion due to the repeated cooling and
heating cycle (added Si: 0.19,, sampler: silica tube).

— 75 —



1290 g & W

% 69 4 (1983) %102

L surface center?
Photo. 4. Distribution of dendritic inclusion in the
suction samples taken at a) 25s, b) 1.5min, c) 3
min, d) 6min and e) 20min after 0.19 silicon
addition into liquid iron.
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Photo. 5. Examples of dendritic inclusion appeared
on the section perpendicular to the direction of so-
lidification by successive electrolytic etching (added
Si: 0.19, sampler : silica tube).
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Photo. 6. Examples of dendritic inclusion appeared on the four sections parallel to the direction of
solidification by successive electrolytic etching (added Si: 0.1%, sampler: silica tube).
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Fig. 1. Dendritic inclusion appeared on
the four sections parallel to the direction
of solidification by successive electrolytic
etching. ’
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Photo. 7. Dendritic inclusion in the vicinity of
the node of cellular structure.
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Fig. 2. Schematic illustration of dendritic inclu-
sion precipitated on the faces of a hexagonal cell.
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Fig. 3. Phase relationship near the Fe-corner
(by R. K. IYENGAR and W. O. PHILBROOK®)).
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Fig. 4. Silicon and oxygen contents in the boun-
dary layer just ahead of the solid-liquid interface.

— 78 —



Fe-Si-O &4 0REERIZI TS SiOy AMEY D £ R 1293

LT, AEFIHIX Fig. 4 a, b R LK 5 57 S,
BEOEADCEBEARNBEHREINLZ Likikb. 22T
Si, BBROBEARYHE TS L, S5i>0.1% OBFAR
Si mizsh, 0.04% OBERIXMEDIZ > HNEEARI
KEL.

AEBROREI T cell ROFEBEZY 2L
D1}, B. CHALMERS LDE L HFIZMEZ XY, Si (Si>
0.1%) b L XME (510.04%) OREARI X>TH
¥ AWMEBEERE X ) EBEORENMEL, RERIHORK
PHERACES LT WA b sEEhs.

4.2 i Si0, DEMRM L denuded zone

AR LM SiO, iXEMHc xR IR, fiETA
Rz XoCRiAH LH I 30T, BEOHETE
& B RHEATA I SiO, 22 LW ERE L T L
5.

R, NIRRT & R S10, 23 Rl 1
O THIIERMNEHE L THRE LD LR ENBD, R
Blosh AR, NRF oA denuded zone D
ETAHC L, THIE LTOBEMENKMTOHEID
B e, hbBORFRERCERTS X5
i, A SiO, 0EREN D HEE I THATHLED
BHHZ EERBELT A,

CHCBAE UCHIERTIRY, Y Y hFa— 7 L REY
v/ 5 — (E) THERLUCABOBKE ¢, EfRf%h
ORRETHIE 1lmm (Y Y hF2—7) & 2mm (A3
W+ v 75 —) OEMCHEET LR TFORTHZ, JME
# > denuded zone TITELL A7, T mbaAl
CHEI LT iz —E L e b Z LR WA L.

denuded zone o NfllHs SR> ChpRiFE
P—EOHEFIL, ZoKHTRBEEOETHh—EE &)
OFRNTFABRMHACHEIh S —F, ZhiREOHM
Si0, RARMAIH CTHER L THEL T HBEIhs X5k
fE, O F h M SiO, DERE—TOREN L LT
5 EREBEWRT S, ThbbloRKME TR, RECKT
% Si, BMROHE 2 -FHTT O Zh bBEORE
HEITE—ECB TNl DRESHET T 5 L HEX
5.

OB, BROZTEAEEEY—EOEREEE T—F
EEEE Lic & FOEFHREBIBELUL WA, 2D X)
7z &35, denuded zone %, &, /JNRIFAARERTH
B IO cell A CEAT L CHERC ARTS X o7
t RHOPEE CHMATEY 2 EEARHCEARETHEL T H, MW

8i0, MY T 2 HTA BREOKS SOMEMIBE S s, —F

ISR D> 5 R D 1N O LRI 3 BAREIRIT & 5 BB FY

ERLA—BTH. CoLEnd, MM SIO ZAKSEROIEICHH

LHah, RENGS L cell |RETK, A, MTFOER - K
RIHEBEINZ LEALNLS.

53 CORRERECcHL, —HRAREERKROTHL 7 v
= VMY LD E VL XS,

B TR X 5, HREBFAFHZ L zone [EER
LizDik, ¥+ 5 v = v r Ot Xc=D/kR
(D : BEOBBER, k: PEHIERE, R: BEEE)
BN ROBAEEDCHERTEZERFIEL TS,

7%, Si MEDOEEE zone EHHA LD,
P XA BEREN DL, M SiO, 0FERSH, /I
BFDOAERC TR V_IAVCETHDNEL 1B 7D T
Bh, FRGHIMBOEDE LIcfE>T zone @D
Licoid, AHGEERCAR LM SiO, » 38R a]
OEPHh L ERETA L OChicd?, ERENC
DIHS VAN ETTHRPHRIEKRTLENLEEZ DR
5.

4-3 hRTFORFHETRE

i e FORTFEIZ, ARy VTS5 - (T|E) O
I 5 AR TIRE LA T5 L ld Ly,
Z N RE T OB ORE AR OE Tz Lo THEK
BB HIN R E e btod, cell AT 2 L 5 i
D, cell ERDOHEIE L EINHEKRTHHERY, #A SiO,
DEHFEIRBRZ TR BB EEINSD. T Cu
W v S5 — THNFEIEAD Licoid, ROBEIRRI
L, PRFOKREZE CTRETAHANTFLDINADT
H5.

—HRE DTk, FREMFC X HEELORE
DARNFOBE L EO AL &b, FRFoD
BEh, RAOREME - LT3 Credil L regular
branching mechanism DF % F"R 70 F FF/HIh
5.

T, 3EBLIES & double-leaf type % rasp-
berry type DK FH1%F T501%, HEHMBDE DR
LicfEoT pRIFRED THL L 7% Ry B35
MR, THfETHEM SiO, A—itic k&<,
Fig. 5 0 X 5cHAME KR TWieh b RET5% &
WO, HEBENMETTADEELLRS. Zhickt
LT Si0.85% ® Cu+ v 735 —DRHCERBH T4 %
WOk, BIERMBREBEMEL, BEF CLRERHESE
Wicd, BT HEM SIO, AV, RRRRSEE
DRI BN LTHY, EFICARY V75— (BE)
C raspberry type 2343 501%, BERHESARL,
ORI ERE Uik &7kl Si0, 2ERHALIC /e 5 72
DEHBETHE EMTES.

44 PRTOERBE

Photo. 1 @ Cu v 75— REY VIS5 —DEE

nh, YV IF o — 7 CHBE EPOLTCERBR T, P



1294 # &

% 69 4 (1983) 10%

)

Fig. 5. Illustration of regular periodic branching
(by 4. KELLER and J. R. S. WARINGT)).
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Fig. 6. Influence of cooling and heating cycle on
the formation of dendritic inclusion a) 1st cycle
b) 4th cycle. Open circles indicate particles of
medium size.
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