NN ISS #$TFF 111
(5 & i 30)

2 BRI AREHERLD 72 0 DR Ek—

HRASRFfi -

Int. J. Microgravity Sci. Appl. 32 (1) 2015, 320103

VENA Z 7« 75 v 7 AR a

RIS « SAARESRC « P ECE

Evaluation of Engulfment of Molten Iron by Molten Slag/Flux for Preparation of their
Core-shell Droplet
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Abstract

Preparation of steel-slag core-shell droplet sample is necessary for the measurement of interfacial tension between molten
steel and slag/flux by the oscillating droplet technique in international space station (ISS). In the present work, the
engulfment of molten iron by molten slag/flux was investigated by melting the iron and slag/flux mixed powder compact with
arc melting. The slag/flux used are blast furnace (BF) slag, ilmenite (IL)/lime titania (LT)/low hydrogen (LH) type coating
fluxes. We found that molten iron was entirely encapsulated by molten IL flux at high temperature and the iron/flux
core-shell structure was maintained after cooling, which means IL flux is a favorable material for the interfacial
measurement in ISS. In addition, the engulfment of molten iron by simulated molten BF slag was discussed based on
spreading coefficient and a numerical simulation of coalescence of two droplets.
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Table 1 An example of constituents of coating fluxes
used in the present experiment (mass%).

limenite Orthoclase Fe-Mn Quartz
35 16 15 10
IL flux -
Talc Lime stone MnO, Starch
8 6 5 5
Rutile Dolomite Quartz Feldspar
34 32 10 10
LT flux
Fe-Mn Mica Starch
10 6 4
Lime stone Fluorite Fe-Si Fe powder
50 20 10 10
LH flux
Mica Fe-Mn
7 2

IL flux: ilmenite type coating flux, LT flux: lime titania type coating

flux, LH flux: low hydrogen type coating flux, Ilmenite: FeTiOs,
orthoclase: KAISisOs, quartz: SiOs, talc: MgsSisO10(OH)s, lime
stone: CaCOs, starch: (CéH1005)n, rutile: TiOg, dolomite:

CaMg(COs)s, feldspar: (Na,K,Ca,Ba)(Si,Al)4Os, mica:

(K,Na,Ca)(Al,Mg,Fe,Li, Ti)2-3011-0(S1,Al,Fe?*)4010(0H,F)2 (O

vacancy), fluorite: CaFs
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Fig.1 Relationship between applied pressure and

time under compacting.

Fig. 2 Appearance of compact prepared by pressing
the mixture of electrolytic Fe powder and BF

slag powder.
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Fig. 3 Appearance of samples after arc melting. (a) BF
slag sample, (b) IL flux sample, (¢) LT flux

sample and (d) LH flux sample.
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Fig. 5 (a) X-ray diffraction pattern of IL flux powder
after arc melting and (b) its magnified image in Fig. 7 X-ray diffraction pattern of LH flux powder
low intensity region. after arc melting.
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713 3Ca0+2Si02° CaFs, B-2Ca0+Si02, a-2Ca0+Si02 D
AR E— 7 WREINT. THOFRERNGAREERCFEH L 7=
AT« 7T w7 ZAOFT LH flux B bk LBV R
BChn Z bt ZHEXT T v 7 Ao CaFe DIFETE
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Table 2 (3% ATV« 7T v 7 AOMEE TR ILFX—4)
B X #4okiE (EDX) ICX O LR Th D, #£
TIX Ti, Mn, Fe O LY DIEEERCE IR DIFIE, F OB
fie7x & EDX OfF M CIIEER TE LW I b ENENAOD
JEFED massWfliz~cLTW5D. Bz ateA LI J A
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FT7e<, BF slagidkl, LH flux iBtO2AT5 7 - 75 v
7 AHNZ Y Fe DFENTHERTE H. 2N HITEAE Fe %
BXIAATE LD THAWRENR—D2EZZILNDS. HDHWVIX
B Fe HyOREMNERL L TWBE Z E0nn, Fe DfR{bin L
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BIND. X#gE % —rnn, ILflux @k & LT flux
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Table 2 Elemental analysis of slag and fluxes after arc

melting by  energy  dispersive  X-ray
spectroscopy (mass%).
0 F Ca Si Al Mg
BFslag | 33.6 250 | 1338 7.1 4.0
IL flux | 27.9 6.2 114 2.3 2.1
LT flux | 31.0 57 129 2.1 3.7
LH flux | 27.9 5.8 409 | 123

Na K Ti Mn Fe
1.3 1.4 13.8
1.0 1.0 183 | 13.0 | 16.8
1.0 12 194 8.4 14.6
4.6 4.6 3.9

MDHEELTHD D EBEZ LS. —F, BF slagX° LH
flux IZ 2V ik, XBREPT/XF—>TFe DF 1 E—I D
AL (44~45 o F3E) ICHOHE DO ¥ — 7 BER > TEY

Fe 284 )@ & L CTEMEL TV D% BRI TX 220,
Fe Z &7 1% BF slag 3Bl 2 T 713312 Si02-Ca0-Al:O3
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BO7Z w7 AXIEER T & 5 R Z R L TWDAS, §i
FEDTT I APBEOLOLY LE O MnEE L 2> T
W5, Mn 32— Fe LD HEL LT WIHIE CTHD
728 19, W5 OREHI BT Fe LY (FeO TiO2) &
RoOTWHIZ EEEETDHE, Mn ORESITERESH L L
THEL TS EHNTE S, 22T, 20 Mn O
2 IL flux 3L LT flux BELO 7 7 o 7 20ER0T &
DEVDFRHA L 725> THNDDOTIERWNEE X, THIZD
WTHRR L7z, T AOBVEBRIC X 25IhE, —RIIcE
R OREVERRZ YTV E SN TV, EfRD
HT ATV, ZILROEEBIEHORIKIZBNT
MnO O & #WZRGRE B35 19, £, o
Fe{bd & el L C, MnO OEFZIRIREN /NS0 & O
NHDH W0, 2O 0D, MnO OFEFER, T 2D
BZRR A/ NS <35 LTS, MnO #REOREMIE
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nhEEZHNRD.

4, ER
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A X)L Fe ~OWEBEMEITEWAR SN, WA 7 - 7
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FICH IV TO D HRIRRE 17 WERAL, N0 X
EFR LT

SSlag Flux = )Metal — (}’Slag Flux + JMetal/Slag Flux ) (1)

SSlag Flux (LA T 7+ 77 v 7 AT HIRRHTH 5.

F 72, JMetal, JSlagFlux, MetaliSlag |TZIVEIL A F )L DR MR
Ji, ATV« 7T v 7 ADEKRMES), AZNV—ATT -7
Ty AMOREENTHD. Z 2T, SSlagFlux DIEINIE
DY, WA TV« 75 v 7 ANERA 2V EESEAIT
IRMDILERRNDBEL D & SNTWD. T OFERAE % 5
\Z Torza et al. ' |ZRIAT ORIRFND 2 i O & K2 E) &
FHE L7, % 51E, YRIRREOEIC LV 2 BIRHEI A S
DM, MM NER D&% E2R L, K—h—
MR W TERICINRBREIC L 2FMAZ LY TH D
ZEERLTWS. Guzowski et al 1® & [RBEOBLEND,
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[mass%S]A% 1873 K 21T B ¥Hk Fe D sk /1( N/m )
W2 5B ELUTOL I ICERLLTNS.

19, 20)

yFe = 1.910 — 0.825 Log (1 + 210 [mass%0] )
—0.540 Log (1 + 185 [mass%S] ) 2

F KBS 29 1%, VARL Fe-7aRh 40mass%SiO2-40mass%
Ca0-20mass%Al203 52 A 7 7 M D SR /1 ~DIgE D5
#1853 KICBWCTHIE L Tk Y, Fig. 8 DL D iR
EHTWD. BITICRE T 28 E(LD=D, Rl Fe-FAm
40mass%Si02-40mass%Ca0-20mass%Al20s & A 7 7 [#]
OFHEIESI(N/m ) ~DBERFE DF BN, VAR Fe OFRMEET
T2 b0 LR LEOATEISND L L, Fig.8 D7 —
2% EFHEqQ QERUETTI AT 4 TTD5ZLET, L
ToOXEET.

Mreislag = 1.281 — 3.413 Log (1 + 12.7 [mass%0] )  (3)

Figure 8 1V Eq. QIEEHEEZ EFEL<HELTWDH L
WoyinZd. LIhi-> T, Wk Fe ORE®RT), Ml Feli
B 40mass%Si02-40mass%Ca0-20mass%Al203 2 A T 7
o)) & LT, 2L Eq. (2), @) ZMHTIC .
YA 40mass%Si02-40mass%Ca0-20mass%Ala0s 5/ A 7
J OREIRINCHOWTUE, @EOWEM 20 20D H 5
470X 103 N/m #fRFM & LTHEMA L, Wk ofsFiR
B LD i b D& L.

Table 3 |24 fEERE Log [mass%0]=-3,-2.3,-2 I
BT D MMetal, 18lag, MetalSlag, F 72, TIUHDENSELN
% Sslag Flux & 7R3 BRI U BRI 1L, #2385 % ”Surface
Evolver’ TO A X)L — AT T O/IKREEFH VI 2L —T 3
ANTBNTEODOBRFEREIZB W THAE LB, &4
ZEHOEVPRE S AONTMMEREATND. Sslag Flux 1
Log [mass%0] =-3 TIETH Y, Log [mass%0] =-2.3 T

2 , : : ' .
| e — Eq.(2)
Yrerslag Ogino et al?® |
~— | o E . 3
E 15 9.3) ]
> .
2
& "o
N I
< 1k ]
&
[ ]
| ) | ) | .
0.5 - 5 . I
Log [mass% 0]
Fig. 8 Effect of oxygen content in liquid Fe on the

surface tension of liquid Fe and the interfacial
tension between liquid Fe and molten slag. The
slag system is
40mass%Si102-40mass%Ca0-20mass%Al20s.

Table 3 Surface tension of molten Fe, interfacial
tension between molten Fe and molten slag,
surface tension of molten slag and spreading
coefficient of molten slag on molten Fe.

Log [mass%0] -3 -2.3 -2
7re (MN/m) 1842 1652 1505
Vreisiag (MN/m) 1262 1189 1104
Vsig (MN/m) 470 470 470
Sslag-Flux 110 -7 -69
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Fig.9  Calculated morphologies of a double droplet of liquid
Fe and molten slag at the different oxygen content in
liquid Fe. The logarithm of oxygen content in liquid
Fe, log [mass%0], are (a) -3, (b) -2.3 and (c) -2. The
snapshots are from the numerical surface energy
minimization performed with a free software “Surface

Evolver” 2% 3%,

FCHREEIF AT 7 & L TO 40mass%SiO2-40mass%
Ca0-20mass%Al03 ZT 2 7 7 OFE R TH 528, Log
[mass%Ol= - 2 T LN T-VER Fe D03 BVERA 7 712
LB EREIL, AKERTHE G BF slag B To
HREFEFFACTHD Z L2 D, BF slagikkloz7 7
WZISEE b CTH B Fe BIFTEL, I6FL Fe FIZHHREED O
PHERL TV D LHESR SN D.

5. f&im

BFTENIIRMA T 7+ 7T v 7 ADEREL Fe ~D B

ZAGMITHI LR AME L, FeilBld LTEM Fe ¥y
ERTT T Ty ARELE LTERFE AT 2, 3 EED
HIZET T v 7 AOMEKRERA, Fe AT T « 7T 97
ADIRA TR Z AT 5 R e Fhi Uiz, M T,
Fe & HEABEE A 7 7128 W CHRIRIREC & 2 9
DFHi72 5 N 2IRIEDERFEHDO I 2 L —a V&R
M L7=. DATFICARRIZEIC & 0 B R 27T,
1. EEWFERAT 7, SHRHOFEERET 7 v 7 AL bBRIC L
DL Fe SONICHBET D, AT - 7T AD
Fe ~DBMICENRH 72, TOFHTHA VAT A |k
ROWEET T v 7 A% Fe eIl WE L, RERCTHEA
L7cART 7« 7T w7 ZAOHTIL 2 \EkEAE LTRD
BWLTWADZENShoTz.
2. VERAREKIC K BFHE, VI 2 b —3 3 URERN SR
Fe- g F A 7 7 W OB LR Fe tho O JREE
WX VBT DAREERH Y, K O JREE CIEERIC
WL, OWENE R DITON THIBRHEB A BT % H
FIZIR D 2 ENymotz. £, EEWF AT 72 R\
BMEZFHNDLIEZEROERIZV I 2L —Ta VITBIT DR
il Fe 1O O RENEVFER L AGE L 2o 7.
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