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Interfacial Tensions between Ca0O-Si0,-Al,0; Slag
and Fe-0-S, Fe-Si, Fe-Al, Fe-C, Fe-Cr or Fe-Ni Alloys

Haiping Sun, Naoya Yoneoa, Kunihiko Naxasumva and Katsumi Mori

Synopsis : The interfacial tensions of 35mass9%Ca0-35mass%Si0,~30mass% Al,Os slag with Fe-0O-S, Fe-Si, Fe-Al, Fe-C, Fe-Cr
or Fe-Ni alloys were investigated at 1580°C by the sessile drop method. The interfacial tension for Fe-O-S system
decreased with increasing oxygen and/or sulfur contents and their values (¢) with oxygen and sulfur activities (a) were

found to follow the relation,
0o-0=0.324In(1 + 1162, +8.5a¢) ([S] <1mass%)

In evaluating the effect of each alloying element on the interfacial tension, the difference in the oxygen content in
each alloy was taken in the consideration. The interfacial tension was increased with increasing aluminum and silicon
contents, slightly decreased with increasing carbon or nickel contents, and markedly decreased with increasing sulfur

and chromium contents in the melt.
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1. #&

25 IR EARIL L IEMEOREEE I REEEL T
DOYERBERC BB LR DR « BRFEICPE L IER
ZUETH Y, BHERICHEDORHPLHMOFHFILIIE-T
BB F— X Ths, 77 v 27 A LESBOFEREN I,
72 b 2 ERSERED X = R A A E DO AIMEEE R DK,
R L IBEDBM Y S vy 2 ADMAR E B E5 L5
EEIRE A ORI b EELREEFRT I LGN
TWv 5,

RIERY2TIL, CaO-Si0, bk 7 7 v 7 2 L IFESkH O R
BBHCREIET 75 v 2 A OEE L MnS-BE (LRI
Y LESBOREENCF NI TIESPOHEDOHELH
NP2 R T Z-IESKE O RERN ~ DOBESME DR DO
T, ThITEEE(BESINT S Y, Bk cIdf
T 2k, MEHEEOBEL FOD, REEHNDORIER
B »2 0603 RoN, BRFOVEN DS,
AETIE, 2T 27 HOBESKBOXBRERED 6 BHEFHHE - &
Y REENZERD 2 FETR I 7 EHBORERN &
IETIESHEROBE IOV T, KFETIBRIEOVEYEE
LTRSS L 12,

2. KRERISE

SHEE S OBEILHIER? LR CHEETIT-> 2 UEDT
v IFBOIFEKINTgDEERE E AN, T v RGBT
AL, 1580°CIZZT 5 L, X 5 7 ikl25g ¥ iEgkEE L
LI, R -EHSB IR T - 0IXHOMER
FOWE PR oDz, R T 7 DISEL I EMIR2050 HREE
L Th 6B O X % BT - 72, Big#e T, &
BI L URAT 7R PRI, {LEFTEIT- 12,

REE S OB IR XEEE D 6153 6 iR iR FRARD B
e HEUEFRAR Y, BAEFTE I & 5 curve fittingiE? R
LI, FTECODERIESOEEIZIL6.94gcm 3 2L,
BAEDEBEE IO TRASLEOVE Y EER LI, &
Bh35mass % Ca0-35mass % Si0,-30mass % Al,0s 2 5 77D
FERPEYPRE LI ERBERGELET vicd - T2.70
gemPLREON, Btk 2 25 7O ELS e
NIZE o TEDRZZDOEEY B> TRERNDOHEII
250 A

ERBDT VI FBEDED LR T IT~DT NI FDEY
AHIZE 5T, RS ZHBIPKRIGICELT 5D FRE 572
DICAE T 7 v I FIRERANICIEC30mass?% R 727

TR 84 7T 2382t Pk 849 H 9 H23 (Received on July 23, 1996 ; Accepted on Sep. 9, 1996)
*  JLMKFETEHM (Faculty of Engineering, Kyusyu University, 6-10-1 Hakozaki Higashi-ku Fukuoka 812)
* 2 FUMIRE ARk (8 RSB I % (M) (Graduate Student, Kyushu University, now Sumitomo Metal Industries, Ltd.)



. 2

£ & $AVol. 83(1997)No. |

PRI, EBRTEOZ S 2700 E 7 v 3 FiE
1330 ~35mass B LINTZEILL T O, ZOREE, oz
7' B4 (Ca0, Si0,) b 2% b4 225, 20 & 2 REEN
DEALRARFERTIXEHR LIz, 127170, B8homRiRE
PIHEET ABRD, 25 7R DOFeODEA L (10mass% Ll F) =,
BEHPOT NIV L BHRMTABO, 7TrvIi=vsild
%5 25 2 DSI0,DETEIC & 5 SI0,EEDE FIIEED R
FRIIEERE LI

3. BRBEKIUVER

3.1 FRERNOERFEL

KRN OB EDF #Fig. 1 RT T RDERT
bREIEN IR A Z 7 L ESOEME, 20~320 DT
BINE—E L 5 2 LR 3N, LT, FHEENZ
NG DEDFEED GRS 12, RES O Ak (Fe
-0.043mass %0-2.87mass%S) Tl W5k 1 D&« iagk (Fe
-2.44mass%PH %\ idFe-0.012mass%0-0.060mass%S) &
DIX6DEHNE LR HmP RGN,
3-2 REFBEUTROEE
3-2+1 FmiEMETER L FmEeE ) o ERR

BIGgEARE, BRLAENEO LS5 LREmEETEE LK
LISIESP SR L, B2 5 27 R ~ORF - L - TR
HRI 2K T3 5, HHPOEER, MHOBE IOV T
WINETUEERELDIHEYITONT & 7225, Hl—R 52
PHOCTESDPOBREOHELFIFVEDH 5 b DD, i
HOMEB OO TRESHCHET ABREOPENIELA
EZEINTORCIRTFCOVRER LY I T 258k
DERERIEDC TR £17- T 525, FERIICAL
TORFPWEELEAERONT, FRiEED LIESTOEE,
MO ERBIIBMRIZ C IS AT e, 120
HEEE LRI H LA (Fe-i) DHA 22w T, Gibbs-
LangmuirDERRAERNIC L b, Fe-ilgghDEMIEN (M0,
Nm™) LFSHF ORI RDOIER (a,) L OBENILROBIEST
IEAIASR

20

LT Fe-2.44mass%P alloy
PR e e

= 10 Fe-'0.0limassi%O-(;).OGO}'nass‘ToS alloy
|

[ |
FeiO.O43;mass|%O-12.87rriass%|S all(l)y
018 20 22 24 26 28 30 32

Time after meltdown of slag, min.

Fig. 1. Variation of interfacial tensions between 35
mass%Ca0-30mass% Al,0;-35mass% SiO,
slag and iron alloys with time at 1580°C.
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Table 1. Contents and activities of oxygen ([O], ao), sulfur ([S], as), alloying element
contents ([M]) in liquid iron and iron alloys, and interfacial tensions(o)between
35mass%Ca0-35mass%Si0,-30mass% Al 0, slag and Fe-O-S or Fe-M alloys at

1580°C.
Fe-O-S alloy Fe-M (M=Si, Al, C, P, Cr or Ni) alloy

o s % & o ot &t M 0 &% o o
mass% mass% Nm! Nm' Nm' mass% mass% Nm' Nm?!
0.0122 0.060 0.0119 0.059 1.100 1.381 1.183 .0 0.0073 0.0073 1.183 1.386
0.0065 0.067 0.0064 0.067 1.058 1.237 1.150 Si]=0.964 0.0017 0.0015 1.355 1.408
0.0151 0.057 0.0148 0.056 1.016 1.339 1.095 Si]=1.52 0.0029 0.0023 1.357 1.433
0.0058 0.127 0.0056 0.125 0.978 1.139 1.126 [Si]=1.81 0.0014 0.0011 1.438 1.476
0.0176 0.077 0.0171 0.076 0.940 1294 1.042 [Si]=3.19 0.0024 0.0015 1.531 1.582
0.0097 0.160 0.0092 0.156 0.902 1.137 1.074 Sil=4.17 0.0060 0.0032 1.452 1.554
0.0270 0.060 0.0262 0.059 0.893 1.346 0.976 Si]=6.34 0.0050 0.0019 1450 1.515
0.0082 0.254 0.0076 0.246 0.893 1.097 1.123 Al]=0.0002 0.0040 0.0039 1.260 1.380
0.0133 0.327 0.0120 0.313 0.874 1.156 1.139 Al]=0.0010 0.0036 0.0034 1.343 1.451
0.0086 0.317 0.0078 0.305 0.862 1.070 1.123 Al}=0.0016 0.0052 0.0052 1.271 1.424
0.0104 0.484 0.0089 0.457 0.856 1.086 1.180 All=0.0027 0.0037 0.0035 1.350 1.466
0.0084 0.358 0.0075 0.343 0.854 1.057 1.132 Al]=0.0105 0.0066 0.0058 1.259 1.426
0.0262 0.103 0.0251 0.100 0.837 1.279 0.962 Al}=0.0172 0.0032 0.0027 1.461 1.549
0.0329 0.126 0.0312 0.122 0.833 1.329 0.978 C]=0.069 0.0072 0.0071 1.179 1.374
0.0109 0.602 0.0090 0.561 0.832 1.064 1.189 C]=0.381 0.0084 0.0079 1.118 1.329
0.0230 0.160 0.0217 0.155 0.798 1.206 0.969 Cr]=9.96 0.0088 0.0025 1.110 1.192
0.0081 0.552 0.0068 0.518 0.777 0.966 1.121 Crl=12.75 0.0076 . 0.0015 1.110 1.162
0.0165 0.684 0.0133 0.630 0.759 1.061 1.136 Cr]=18.52 0.0101 0.0010 1.071 1.105
0.0356 0.136 0.0337 0.131 0.743 1.258 0.896 Crj=24.21 0.0154 0.0007 1.041 1.067
0.0092 0.941 0.0069 0.847 0.709 0.899 1.138 Cr]=34.08 0.0256 0.0003 0.983 0.995
0.0089 1.034 0.0065 0.922 0.693 0.874 1.138 Cr]=34.26 0.0147 0.0002 0.977 0.984
0.0105 0.981 0.0077 0.878 0.675 0.883 1.111 Nil=8.09 0.0072 0.0080 1.133 1.346
0.0105 1.300 0.0070 1.125 0.656 0.849 1.137 Ni]=14.34 0.0062 0.0076 1.108 1.313
0.0207 1990 0.0112 1.591 0.593 0.862 1.139 Ni]=43.59 0.0040 0.0074 1.075 1.275
0.0427 2.870 0.0174 2.062 0.542 0.900 1.138 Ni]=45.94 0.0034 0.0065 1.073 1.255
0.0460 4.250 0.0123 2.633 0.495 0.782 1.138 [Ni]=50.08 0.0027 5 1.049 1.208
0.0421 4.380 0.0108 2.683 0.480 0.744 1.127
0.0439 4.840 0.0098 2.821 0.463 0.709 1.119
0.0637 5.870 0.0103 3.030 0.461 0.716 1.131
0.0643 6.090 0.0097 3.070 0.453 0.697 1.126

*1: o is measured interfacial tension.

*2: oo* is the hypothetical interfacial tension at infinitesimally low a,, obtained by 6, = 6+0.324In(1+116a,).
*3: o is the hypothetical interfacial tension at infinitesimally low ag, obtained by 65" = 6+0.2041n(1+8.53; ).
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Fig. 4. Variation of interfacial tensions between 35
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Fig. 10. Interfacial tension between slag and Fe-Ni
alloy.
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Fig. 11. Interfacial tensions between 35mass%CaO-
30mass?Al,0,-35mass%Si0, slag and Fe
-0-S, Fe-Si, Fe-Al, Fe-C, Fe-Cr or Fe-Ni
alloys at 1580°C.
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