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The Formation Mechanism of Silica Inclusions during the
Cooling of Fe-Si-O Alloy Melts

Rokuro SAKAGAMI and Takashi SASAI

Synopsis :

Dissolved oxygen contents of Fe-8i-O alloy (0.1% Si addition) were determined at 1 555°C during re—
peated cooling from 1 600°C to 1 555°C. The difference between the dissolved oxygen contents at 1 600°C
and 1 555°C was significantly greater than the oxygen content corresponding to the larger sized silica par—
ticles formed during such cooling processes. This means that, besides the larger sized particles, a large
number of very fine silica particles are present in the melt. It was thus proposed that very fine silica, pre—
sumably of several tens angstrom in size, precipitated easily in the melt with decreasing temperature and
silica particles were formed by their successive adhesion to the possible nuclei suspended in the melt.

From a striking resemblance of morphology between the double-leaf type inclusion and the precursor
of spherulite, the morphology of silica particles was explained on the basis of the regular branching mecha—

nism known well as the formation mechanism of spherulite.
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Cooling and heating c¢ycle
Fig. 1. Cooling and heating cycle carried out for

the determination of the dissolved oxygen contents
of Fe-Si-O alloy (Si 0.12).
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Table 1. The dissolved oxygen contents of Fe-Si-

O alloy at 1555°C, determined by using the equi-

librium oxygen content at 1600 °C as the refe-
rence,

Dissolved Oxygen Contents (ppm)

®© ® @ @ 6 @

35 185 125 128 111 116 124 118
20 185 115 123 119 120 116 121

Cooling Time from
1600°C to 1555°C (s)
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Fig. 2. Comparison of the oxygen content of lar-
ger sized silica particles and 40. 40 is the diffe-
rence between the dissolved oxygen contents of Fe-
Si-O alloy at 1600°C and 1 555°C.
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Fig. 3. Changes in the oxygen activities of Fe-
Si-O alloys of various silicon contents during
cooling from 1 700°C.
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Fig. 4. Cooling and heating cycle from 1 600°C
to various temperatures.

Photo. 1. Lrger sized silié ft1cles in sp&ﬁens
sampled during the repeated cooling shown in Fig.
4.
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Fig. 5. Interfacial energy of a silica particle.
r¥ denotes the critical radius above which the
mnterfacial energy increases rapidly.
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Fig. 6. Relationships between the interfacial ene-
rgy of a silica particle and its radius, assumed for
the calculation of 4G.
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Fig. 7. Change of free energy due to the
formation of a silica particle.
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Fig. 8. Changes in the number and diameter of
the larger sized particles formed during cooling
from 1600°C to 1555°C.
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Fig. 9. Costructions for the iliustrantion of regular
periodic branching.
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RN E e, BREBCEBEONEIE T 305
THb, 3EALEE > 5 double-leaf type = rasp-
berry type DAY DB TS B DIx, BEINBLDE b D
Z L L URKDELED R T B 7, K& 7 3T
SiO; BEBMAL & LTHNT B LIt b, HEEE
PMETTHELLEMENS.

Tie Si BB ONEWYT bERBKFI S . Shut
Si yRINEE X b THHED SiO, Mg+ 5—7, wek
RIS SR ORI EET B 1D, NS Sio,
DRI & e B HTh D, AR Al BEEEE O
BRI D BRIGK T DL ET 5 Z EHHE IR T 21910
B3, ALO; B FWERBCH Dl Tidikl, oo
LASHBOMOEHET CER LR & %5 0Ty
THHS.

2-2-3 810, N EEMH O

HIFITIX, SiO, NEMHOWiES regular branching
mechanism W32 UCE Lic:, T CREALMALL
51T, Z OBEETIIEM SiO: 238tk LR L
RAEOBABERTHLLERINHRE LT3, L
PO TZ 0 X 5 e TlE L SO, /ey, &
M EHEREDL DT IE L By,

5 Photo. 5 IZ7R L7: double-leaf type #>& rasp-
berry type ~DOFEREEITIL, BEOLNCRE ORFE
DBRDBLI, ThLONEYIEARERETCHD %
BT TWB X3 cBbhs.

EOREERT B, ELOEETCER LIRS
DHEBEICLDOWTT M — > = 57— X 3 XGEH

Table 2. Diffraction values of alpha-quartz and
silica inclusion.

Alpha Quartz Silica Inclusion

d(A) d(A)

ASTM Intensity measured Intensity

4. 26 S

3.34 SS 3.36 w
2. 46 m 2.52 Vw
2.28 m 2.23 Vw
2.24 w

2,13 W 2.09 vw
1. 98 w

1. 82 m 1.81 vw
1. 67 w

1. 66 w

1.64 m 1.53 'A%
1. 45 w

1. 38 w

L. 37 m

1. 29 W

ZIT20. TOIVWEREOMEIIL, RExERER
BEOSHEE S H R D2 L, BRBCHLZEERT 5%
Bt & ot

FEREOBEBHAHE KD 74 BEiziz 260 2% 200
~25° OWEHHBL = — BB, BRI
EOoK@D LR, ZHIK LT Si0;, Mty
B, T m —PUNCHET 4~5 RO B E
5. ThooEFHIZ, 1600°C DEEGHREED <~
AF a7 TERLAGAERONEDC SILB LT
H DT, BHHOBILER S L 2R E ORERC R S
DRI D LixEx bitigvs.  ASTM »— F i
WETB L, ThbLOEFTR B Ui B B i,
Table 2 R LI X 512, a-quartz DFh b Hisi &
=T 2. AT TR, £A5IXoT
WMEXNTRHY, ¥7- H. A. SLoMAN B J. F,
Eruior? 4 SiO, AZEMOEITERE L, FTE OREM
78, MEOHGEYROBRLN L LaiEHLT 5.

ST DL S IeEFERL B,  SiO, frfEdpizde i
D Si0; LA BEDORRE SO, DRAW L BRT B &
DITED. Lo Liedis SiO, NEWrisE g o &% 4
Si0, OHEEETH S L\ 5BETID L, MM SO,
IRB PP TCEEICAER T B0, 2L LTRENDT
ATWBH, FESHEHEO L 5157 < random 7
FEFEFIZ LT3 Tiicd, BLAES KT K
FEWEEZ R LTE D, LienoTonks /o
S0, HHMEFLE LTHERE LY SiO, MMedid Ak
BADLDEREINEG. EEOBRILIEEMT T
5EHDO08FUDI HITBbRD.

Ll EAEi T2, double-leaf type o SiO, $F & Bk &L
DT vH—3E& LTHLR TS ERYOTEEN &5
THEROFT B LEH LT SO, AEYOHERXH L,
S bR OEHET OWTHER L.
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A

Fe-Si-O A& 4 0B HBRICkIT 3 SO, M EDOERERS 2479

o RARG T, BEOH LBEERONEGDOLER
BERS A S Liehs, W CEHH LW

3. &

510, 2 DIFW MR LTz Si 0.1% Hino Fe-5i-O &
$% 1600°C DFFGREN LEHL o & &, 1555°G
CHEELI-ASOBRMBFRE R, IERLATIORE
OFEBRRECETTHI LE2HER L. —TIC O/
R L SIO, e (RMTF) OEERE 1600°C
L 1555°C pfEmEEoxE 40 b, DX
5icz &b, AHEROBEPCIL, KBTI
Ehd TR Si0; DR LTWAZ LB LN LT
“Of-. Yavosky HOFERLERT S L, #H Si0, 1%
BEOET & LIEBEZTHOERMCERT B LEL
bhsb.

F o Si0, DRE=F AF —IRBRONPNX & BE
LMW EREL, SHLMEETIE, £ UM Si0,
DI PICEET B E OB F kA& T 5
T X T SO MIFImEET S & 5 Bl B
BEER U

%7~ double-leaf type DNFEHLERGLD S vH —
EL TSR EEBOTEN Ebd THLUT S Z &2
B, RGO EEREK L LT REIRA: regular bran-
ching mechanism {Z 12T Si0, 1D B+ FEirs
e L 5 RREL R R L.

B LT ES O X BREFE T, S0,
BTFRAREREEELDRD Z LRk,

Hodo b IR Z, HIAEZS ISR R LT i e BT A
& BRI B B M A RS L OB HMBRRE D
MEC X WL, AEESRY LIRS INECHEEY
Wi Wi TR S AL, REBIF=0REEL
DR LET.

il

x [:13

1) . EAREB, At g0, 68(1982), p.1754

2) W EARER, FIHEL: gEE, 62 (1976),
p. 1189

3) MPAFISOHBEME (4F 19 Bim) (1968)

4) V. I. Yavoisky, A. EVISHKAREV, S. 4.
Briznjukov, V. 4. Savinov, and 4. R.
Camarov: Eo6EBE v vREI v a (1977),
p. 267

5) J. H. HorromoN and D. TurNBULL: Progress
in Metal Physics, 4 (1953), p. 337 [Pergamon
Press]

6) J. W. CrrisTiaN: The Theory of Transforma-
tions in Metals and Alloys Part 1 (1975),
p- 418 [Pergamon Press]

7) A. Grasner and M. Tassa: J. Cristal Growth
13/14 (1972), p. 441

8) A. Grasner and M. Tassa: Israel J. of
Chem., 12 (1974), p. 799

9) A. Grasner and M. Tassa: Israel J. of
Chem., 12 (1974), p. 817

10) A. KeLLer and J. R. §. WarING: J. Polymer
Sci., 17 (1955), p. 447

11) R. Eppe, E. W. FiscHER, and H. A. STUART:
J. Polymer Sci., 34 (1959), p. 721

12) S. Orani: Bull. Japan. Chem. Soc., 33(1960),
p. 1543

13) H. W. Morse and J. D. H. DoNNaAY: Am.
Mineralogist, 21 (1936), p. 391

14y H. D. Keira and F. J. PabpeEn: J. Appl.
Phys., 34 (1963), p. 2409

15) KABRITEKR, BETFUE, SHT—/: &K, 54
(1968) 3, S59

16) A. G. Gasisiani, F. N. Tavapzg, and G. A.
GoNGADzZE: HEO6[EH Y v KI 7 a (1977),
p- 13

17) m#IHk: EITE~Y F Ty 2 (1976),
p. 221 [3esrHAR]

18) By #, HAfE, FEZA: gk, S
(1965) 10, p. 273

19) E. LI. Evans and H. A. Svoman: JISI, 172
(1952), p. 296

20) G. ForwARrD and J. F. ELLioTT: Met.
Trans., 1 (1970), p. 2889

—_ 79 —



