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Synopsis :

Fe-S5i-O alloy melt kept at 1 600°C or 1 645°C. in silica crucible for 20 min was cooled to 1 555°C, and
then heated again to the initial temperatures and kept for 20 min. Such cooling and heating cycle was
repeated several times. Specimens were taken from the melt at 1 600°C and 1 555°C: during each cooling
period. Silica inclusions in the specimens generally consisted of three groups of different sizes; the smaller
particles of 0.5 u diam. delineated the cellular structure of the specimen, the medium ones of roughly 4
u appeared inside of the cell, and the larger ones of 6~20 y were randomly distributed. The number,
size and form of particles of each size changed significantly with the silicon content of the melt, the sam—
pler used and the repeated number of the cycle. It was concluded that the larger particles were formed
during cooling of the melt and the medium and smaller ones precipitated during solidification of the spec—
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imen.

The numbers of the larger sized particles in the specimens taken at 1 600°C and 1 555°C during

each cooling period from 1 645°C agreed well with each other.
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Fig. 1. Cooling and heating cycle and samplers
used. The figure in circle refers to the repeated
number of cycle.

Table 1. Change in the total oxygen content of
Fe-Si-O alloy during cooling from 1600°C and
1645°C.

Added  Temperature Cooling Total oxygen
Si% C) time (s) content (%)
1 600 0. 018
Quasi 0.1 ~1555 3% 0,018
uasi-
s 1 600 0. 008
static 0. 42 35
melt —1 555 —0. 008
1645 0. 012
0.42 —1555 65 —.0.011
1 600 0.018
Stirred 0.1 1555 5 ~0.018
melt
1645 0.012
0.42 —1555 20 —0.010
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Fig. 2. Size distribution of silica inclusions in the
specimens taken from the melt at 1 555°C during
cooling from 1 600°C, Si 0-19, silica tube.
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Fig. 3. Changes in the number, diameter and
form of the larger and medium sized particles
due to the repeated cooling, 1 600°C—1 555°C,
Si 0:19%, silica tube.

Photo. 1.

Larger particles in the specimen taken
at 1555°C during cooling from 1 600°C, Si 0.1
%, silica tube. From the 3rd cooling cycle, rasp-
berry type inclusions appear together with spherical
particles.

medium

dl : double-leaf type, rs: raspberry type
Photo. 2. Medium and smaller sized particles in
the specimen taken at 1 555°C. during the 1st and
4th cooling from 1 600°C, Si 0.1%, silica tube.

Smaller particles usually contain spherical particle
and dendritic inclusion.
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Fig. 4a. Changes in the number and diameter

of the larger particles due to the silicon content
of the melt, 1 600°C—1 555°C, silica tube.
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Fig. 4b. Changes in the number and diameter

of the medium sized particles due to the silicon

content of the melt, 1 600°C—1 555°C, silica tube.

Table 2. Equilibrium silicon and oxygen contents
of Fe-Si-O alloys,

Added Si% Temperature(°"C) Si% 0%
0.04 1 600 0.025 0. 031
0.1 ” 0. 075 0.018
0. 42 ” 0.39 0. 008
0.85 ” 0.81 0. 005
0. 42 1 645 0. 40 0. 012
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Fig. 5a. Changes in the number and diameter of

the larger particles due to the sampler used, 1 600°
C—1 555°C, Si 0-1%.
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Fig. 5b. Changes in the number and diameter
of the medium sized particles due to the sampler
used, 1 600°C—1 555°C, Si 0.1%,.
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Photo. 3. Examples of smaller particles.
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a) parallel and b) perpendicular to heat flow.

Photo. 5.

Microsection of the specimen observed in dark field, Si 0.19%, silica tube.

a) para]lel and b) perpendlcular to heat flow.
Photo. 6. MlClOSCCLlOn of the specimen observed in dark field, Si 0.19%, silica sampler (air cooled).
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Fig. 6a,b. Changes in the number of the medium
sized particles observed in the areas of 1 mm
width x 0.5 mm length (silica tube) and 2 mm
width X ] mm length (silica sampler, air cooled)
along the diameter of specimen, Si 0.19.
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Fig. 7a,b. Size distribution of the larger particles
in the specimens taken from the melt at 1 600°C
and 1 555°C during cooling from 1 645°C, Si 0-42
%, quasi-static melt.
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Fig. 8. Changes in the number and diameter of
larger particles due to the repeated cooling from
1 645°C to 1 555°C, Si 0.429%,, quasi-static melt.
In the figure (1 555°C) the solid lines refer to the
particles formed during cooling from 1 645°C to
1 600°C. The dashed lines show the total number
of particles formed from 1 645°C to 1 555°C and
the diameter of particles formed from 1 600°C to
1 555°C.

DRBE M E TR U .

1600°C AR THIZ IEERL 5x105cm=3 55,
4 BH 3x103cm-3 AP L, 1600°C DOEEHRAEH
LEHLIEA X Db, BHMBOEY 2 LTS IR
LEH e E . SRITH LT 1555°C Tk, 2 BRI
te BRTFEFEOD, 4EETHEFFEIx105cm=3 Dk
WELHEETS.

I THEBTANE AT, 1600°C oxfT L 1555°C
DORBOF | BECER LI KR T OR TR, £BA
EDILK—HTBLLTHS.

COEER, WEIHOLICR—DORTTHD, 1555
°C o 1 BfEORRFIL, 1600°C TERK LTIk
BFRZOE FUROBHBETHELILIOTHHZ
LY RTHENCENTHSD. 20 thb, SHBRET
BT 5 SO, RTFOEKRIE, Pt puBEOKREX

— 86 —



Fe-Si-O B4 40X MREERIS T 5 Si0, NrEY O 4 fk 1761

- - 18600°C
< \

5108 0

£
F \ 1
~§ 105 ] 20 N
© [
a b
s 5
E 10* 10 ©
3 _ <
F3 es number oa diameter
103 N " L L ) i

D D000 @0 &

Number of ‘cooling cy<le

Fig. 9. Changes in the number and diameter of
larger particles due to the repeated cooling from
1 645°C to 1 555°C, Si 0.429,, stirred melt. In
the figure (1 555 °C) the solid lines refer to the
particles formed during cooling from 1 645°C to
1 600°C. The dashed lines show the total number
of particles formed from 1 645°C to 1 555°C and
the diameter of particles formed from 1 600°C to
1 555°C.

R LR TREOEZ, BEC X5 0TIk L,
CHERRHAEHMTHTTALELDRS.

WFREEOZELIE, 1600°C 7 HEH LcEE & I13F
FgET, 1600°C, 1555°C \~Fhoskd 3 E E R
M b raspberry type DONIEMNZFT B X 5B,
Fio 1555°C DFEKITIE, £ 1 BRI LEE 2EMED
FH FIT raspberry type A345\L»,

WICHRB BT A ERBERTH 55, Fig. 9 ©X
WTFORTFE, FHRNEOTLYRLILLIE, ol
A, 1555°C oRpHTiZ 2EELEN bR E SO
5 2RO KKIFIER LT 5B,

SEEFBRED 1555°C FCcoRFABE TR < 157
W32z L RMLT, 1555°C 0 1 B O KRF
1% 1600°C OXRITF X, WFBHEBETLIRGH, &0
BB, BHINBOE D 22 UICHE S TR &R
DL, EHILBOBAELBEEHTS.

CofEL, BEEERLBCRT B RNTFOREK
B RBY I cED\ NS EXPE>T B, Lisio
T, KRNFOREY e BEOKE IORTFREDOEHZE,
BEREBC X oTHET 5 LRRRKAEETH Y,
BB T, Z0X 3BT OEE, BEIZEA
ERIBIR\EEZLBONREYUTHS.

MEOMHEY SO L SBEE RO, NTFHEBTHS.
BHRE cix 3 1Al E B S BRIBRT 2%\, i rasp-
berry type OAZEH D, MMD NS VERBICEV S D
BRETH K.

TR PRI T L ANRITF OEBCRIUE, BBIFE & 8 ILE
TR & A EENRD DR,

P F ORIERIE, 1600°C 25 4~5pu, 1555°C 13
~4 pTHY, BHMBOED p i V> TREITE
KL, % double-leaf type % raspberry type ©f
EYRERET S, PRTIRE, BRE 0.3~1 p OIRWHL
F, B 0.5~1.5¢ @ double-leaf type, raspberry
type DRIF I LURKOER 0.2 OBRNEDH S
Fhah, BHMBOED Hx Ls &SRB T IR
/4>, double-leaf, raspberry type O} FOHINT 5
HErHmbhb.,

3.7 NEPOFRE

SHBEREICAER Ui Si0; NMEHOHRIZ 2 W T
12, ThECHENTRE TOMEHRBLTE A, K
WTRILOFERY A, b, MIFIELCERL, K
FTHB & R L OBELREM BN, DBF L
7.

Table 4 1, RE&M LY —ERE LTURLIL.

KEIFL, Si g, FeHRIEC &R, mAEm
BOBED 2 L E ESTIRFALFH LIKE raspberry
type WZ LT 5. 4B OKARFIIE, ZDOH 0 60
~80% GEh5DIRETHB. 72 Si 0.85% D
BHST, Co XS RHEELCIEST, 1EENDL
46l & CTRTCEBIBCHOL. TPBIBCER L
KELF B DIL .

FRRLFIE2WT d, BHMBOEY 2 LEHESTH
12 double-leaf type =% raspberry type DNZEMH
HRHTDB IS, LrLiahb ooNEmoFE
BRIL, RETFOHAEERD, Si HNE, BT X
DTELLEFTS. S10.8% it Cuyv 75—
TEI LAk T, 4EBTHREBEFRRCH i 20
9% T, BRWERLITFHE\. 05 icBa, BTt
11 double-leaf type H33C, raspberry type oD4ric
VOB THS. Thitxt LTREY v 7 — (Z88)
Tk, BMERER T, 26 BB DKL
raspberry type *7c%., —ICRAS R BN double-
leaf-type 13 H7E Lis\. F# Si 0.04% o4,
A VT T — (FER) TEHIR L AR FiIst LT
raspberry type 23 ARE T 545, F Ofh OFREIE TR
RITERTE T 2.

WINRLFTHBD, PNRLFOWBELKKTF, &
NTOBELHY IOKHEETHS.

F-3° 81 0.04% D/INRIFIL, e BBAE L TNTERR
WThHot.. —F Si 0.1% o, Cu +v 75—
TIERURLTF, ~ Y ¥ o — 7 TRV T &8RN
EYR IUCDEOBERNEY, AEY V75— (2H)
TIEERNEY L BRN DR SO BORRLT &
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Table 4. Various forms of silica inclusions.

The abbreviations used are as follows : s, spherical : dl, double-leafl type : rs, raspberry type :

dn, dendritic : ro, rod like

Sampler Si% Size (0] ®@ (€] @
Larger S ] S, S
0. 04 Medium s S s s,srs
Smaller s s s s
L s ] S, IS s, IS
0.10 M s s s, dl, rs s, dl, rs
. S s, dn s, dn s, dn s, dn
Silica tube
L s S S, IS S, IS
0. 42 M s s s,dl, rs s, dl, rs
s s, dl, rs, dn s, dl, rs, dn s, dl, rs, dn s, dl, rs, dn
L s s s s
0.85 M s s s, dl s, dl
3 s, dl, dn s, dl, dn s, dl, dn s, dl, dn
L s s S, 1S s, TS
Cu sampler 0. 10 M s s s, dl s, di
S s s s s
- L s s, IS S, IS s, IS
S(l :ﬁ_ﬂ csoaoTclﬁg r 0. 10 M s rs rs rs
S dn, ro dn, ro dn, ro dn, ro

Te D, IR X BZEDE Ly,

F i Si0.42, 0.85% o#Ar, HEECBFR W
Thoikhc b, EkF4, double-leaf, raspberry, ik
D4 REONRITFHENS. 7272 0.85% DI 32T L
double-leaf »3% <, raspberry DRI 7. F i
WHEED, BHMEOEY x2 LSS THRE & do-
uble-leaf type (334> L, raspberry type Diffhn3d 3%
B ERD b,

e Si 0.1% LI BB BT 2 BECR & R4
EWL, SiRMEOHIRE L ARFE LIBT3,

BlERERTHZE I Si0; NMEYOHIELERIEL
el THBHH, K, /NTF OB, 1) &
INERDHRE D hr X LA TR TFIL B 4 L, double-
leaf ¥ L < I% raspberry type ONEWI NG S, 2)
Si JMMBEOEVEHEL Cu v v 75 -0 X5 hARR
BT EIF A % £, raspberry type 34 /cyy, 3)
R TIL raspberry type A3 A LTV, TV
O OFBEBHLRD.

ZORHKR, ThbIFEONEHOHBLELLH LI
WKR—DRFIC LD THEER T B Z & EPREO>TW
5.

DX 5T b b, BEIBERONEY O LB
ZHRAT 5D, BFRERE OBIER 2RI
LooBERREDDZENTAREELbRS.

4. %%

Fe-Si-O BEl& & 0BHABREARZRT S S0, &t
EHOERBHYHLIT TS, 1645°C % foix
1600°C wiffF L7 Si0, BoiFthomgs 1555°C
CHRH LD, BUMALTIALORECERFTS
EWHBRHMBRFEHERE Y 2L, FEAHAEB O

i

1600°C 3 X U° 1555°C CHEER L3RBT o\ C, v fE
o4 BRI A FERIC B L.

BohrefERE2ENTH E

) SEmTCThROBAEDS, K, fh, hek&EX0
RItDH, LI LAXLLhERAZEE—KKkEED3
FBIOR T LI D 7cDTu 5,

2) hb3fiokToRNE KFH HE &H
B Y 2 L, Si st X U ERRERRGE L &5
BRI Lo TE LSBT 5.

3) BEGEUENISLAIA R, RIF o4 7ny s denuded
zone r7coTCRD, T OWMAL HHRBE T cell REEE
MR I T 5.

4) KRB FIE oW at random ZA4yAE LT
B, R cell REEEGO cell oz, ¥
ToAVRLFIL cell DBERBHFET 5.

5) TOXSIERNID, KRETRAMERTERL
feb o, FRFIEER OB ERER A E ORI TERL
7ebh @, THIPRTINRKREMATHSD cell OBR
HMHE Licb D LEIE L

6) 1645°C » BB EIEF 1600°C L 1555°C T
WU R ok Fix, #ILE, B E ST
I—%T5. 20 &hb, KEFOERIpgTHE
DKRExID SiO, FFREOHR, FECIDDIOTIL
L ERE B & i,

B> D IR, FRROERTICHICOTRIEER M
g% WiciEWcHEIL A E S BRI ST A4 A B #g
IR B&HT 5.

Appendix

) KEFORTHEBEE
EEE Dy Dy eeereDypt ooeee DORPFALhEh n,
Ry, vereer Ayrerees DENE (ny+agt e d s =1) T4



Fe-Si-O %t &4 0RNMEERBRICI T D S0, NEYD LR 1763

FhaREOWET, HESHFHTOER Do DX
ZIHTFELTRESRS D 7 v — 7 ORBFORN
EERY D OB TFEY (Na)im &35 &, BAERALD
ORFHE (Ne)i 13,

(o)1= Ny = — D) im

- fimDi

o Ny IZBHEY ) oRRToBE, i
fim ZER Dy OXRFHRARMET D L hkx<
BRI HHERT, ATk THL OIS,

Dy \?
fim=‘\/l_< D ) cerrenrerreeeeene e (2)

()KREFTXTD I/ — 7D TIET S &, BAL
TR M7= 0 DR T ORI (Nadm & Ny DERA L
bhb.

o Wadm e,
Ny= SN TR €D

¥-ER D OKRKMTOEERE C(Wit) 3,
¢, =2 6‘°“ P:;zz AZOO BNy D coeeeveeeeee (4)
osio, ¢ 910, OFEE (2.3 g-cm™3)

pre - EHEOFHE (7.8g cm™3)

Mgio,, Mo, : S10, 3 L UOBER DS TR

LS o TR A EYa #1285 U CRBL T ORI Fid>
& o &, PEFOER Do ¥RELTHE, THER
BT Dm X 0 K E e KB FORTH A HET
(2), (3), (4)X,Xb Ny & C &#RDHZE X T
%7, Fig. 2 X0 Fig. 7 @R LicKRT ORES
L, DX I LTHRDE C LHNECHFE 7 » .,y
FLAELDTHS.

KEF O H0E, Y 3~4 [HORBEHETT 2%
P, IEEE fe D £5% THOto.  fok rasp-
berry type OAEEMICOVLTIE, HRE S EFDIHF
DOEEN Doy HOLROERED D OBE, BEE (Do

+D1)/2 OBRBETFLEA—AEREAELLL. BEED
BRED D EEI NS £20% EEZ BRS.

2) hEFORTEREBES

Rl T OBAERE LY ) ORTH NY BIUBER
C5% 1%, cell DRHWEAHLTWBRFDSH, EE
<Dy, ORFOREMEREY L ONTFH N i b, KX
X oTHELE.

Nm_Nv);nif'ile

NT (5
Do (5)
10-7 psio, Mo
Crm— 2 2 NDD3 e 6
6 ore Msio, (6)
flim 1T, [—gﬁ: Di @jf*ﬁ%i?; Dm £ D’J\gh‘\*—t?k
LTEBEINLHRTHS.
Flim=1— Fim cererenienen (7))

BTHEBEROREDS V%R, ThTh £10%
B XV £30% LEZDBRS.
3 73

1) E. T. TurkpoGAN: Trans. Met. Soc. AIME,
233 (1965), p. 2100

2) G. Forwarp and J. F. Ecuiorr: Met. Trans.,
1 (1970), p. 2889

3) J. F. ELuiorr: Proceedings ICSTIS Part 1
(1970), p. 416
p- 1953

5) N. Arirom1 and K. Gunyi: Trans. ISIJ, 19
(1979), p. 152

6) N. Arrrom1 and K. Gunji: Trans. ISIJ, 20

(1980), p. 26
7) W EAREE, WHEL: gk, 62 (1976),
p. 1189

8) W AR, WHEL: ki@, BERMRH

9) EHEL, HEARE: $&iH, 62 (1976),
p. 798

10) AN, PEHREZ:
(1971), p. 279

11) R. T. Denorr and F. N. Ruines: Trans.
Met. Soc. AIME, 221 (1961), p. 975

AA&4BEaam, 10,

— 89 —



