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Estimation of Interfacial Tensions between Phases in the Molten Iron-Slag-Inclusion (Alumina) System

Keiji Nakanma

Synopsis :

Inclusion separation at the interface is governed by the interfacial properties between phases in the molten iron-slag-

inclusion system. The behavior of inclusion separation and assimilation in a slag can be related to the change in the
interfacial free energies as the inclusion goes from the immersed state to the separated state.

To understand this interfacial phenomena, a model has been developed which permits the calculation of interfacial
tensions of the inclusion (alumina)-molten iron, molten iron-slag and slag-inclusion (alumina) systems. This model,
which incorporates Girifalco and Good’s approach, was tested on these systems. Calculated values obtained from the
model show excellent agreement with reported data.
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Fig. 1. Influence of surface roughness R on ¢, 6w
in Al,0, (I) /Fe (M) system.
Pure Fe: [C]=0.001, [S]=0.001mass%.
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Fig. 2. Influence of [S], [O] on ¢w, 6w in ALO,
() /Fe (M) system.
Pure Fe: [C]=0.05, [0]=0.0018mass%. Fe-S alloy:
[C]=0.1, [S]=0.025~0.174mass%. Fe- O alloy: [C]=
0.001, [S]1=0.001, [0]=0.0026~0.0762mass%,.
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Fig. 3. Influence of [S] on ¢us, ausinFe (M) /AlLO;-
CaO (S) system.
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Table 3. Comparison of estimated values of oys, ¢uss ams based on Eq. (5), (7), (8) with previously
obtained values in Fe (M) /multi-component melt (S) system.

Chemical compositions as Owms Pus A g
No. M/S system (=) (xI0>N/m) (x1073N/m) (-) (deg)
XSi0z XAl0s XCaFz XMgO  XCaO XNazO|Mea. Cal./Nokajima?! Mea. Cal./EQIS)7) Cal./Cramb® | Mea. Cal/Eq(7)| Mea. Cal./Eq(8)
0.866 0.134 201.8 282.1 1438.2  1466.7 1309.1 0.384 0.364 | 29.3 36.9
M/AF2| Fe(M)/ 0.742 0.258 304.8  293.5 1384.6 1418.7 1257.5 | 0.423 0.398 8.3 24.0
Alz03-Cafz - 0.148 0.582 0.270 306.4 326, I1513.6 1518.1 1254.0 |0.333 0.320 | 51.4 58.3
Cao(s) 0.202 0.431 0.367 315.0  358.7 1493.0 1521.0 1210.6 | 0.348 0.337 | 48.0 57.4
1873K, 0.254 0.284 0.462 368.8  397.7 1482.1 1488.0 i1165.4 |0.363 0.364 | 5i.1 54.4
Ogino 6 0.305 0.141 0.554 412.2  442.8 1477.3  1438.9 e 0.372 0.400 | 53.4 49.9
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—Ca0-Naz0(S) 0.324 0.079 0.543 0.057| 570.1  549.9 1257 1287.9 0.455 0.436 | 50.2 53.2
0.056 0.324 0.076 0.544 570.7  549.5 1260 1267.5 0.454 0.447 | 50.2 50.9
1813K, 0.109 0.306 0.072 0.514 555.3  536.0 1258 1278.2 0.453 0.439 | 49.3 51.6
Adachi 5! 0.165 0.287 0.067 0.48I 537.9  521.0 1291 1286.9 0.432 0.432 | 51.5 52.1
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1873K, 0.168 0.246 0.050 0.536 470 534.2 1120 1139.0 0.439 0.439 | 51.5 55.8
Srroli 7y |0.164 0.233 0.098 0.505 468 520.4 1122 11346 0.438 0,439 | 52 55.0
moljarenko ™ 16 160 0.215 0.159 0.466 473 506.5 1128 1129.2 0.435 0.440 | 52.5 54.0
“SAXF” gie((k“"_’{“zos_m& 0.197 0.070 0.045 0.132 0,556 472 452.4 1189.4  H113.9 0.406 0.450 | 57.9 a7.2
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1873K, |
Manyugin '8! |

Ou’ 1685.5xI0°N/m /0gino'®’, 1540 xI03N/m /Adachi'®, 1350 x10™°N/m /Smoljarenko'™) 1371 xI0"*N/m /Manyugin'®’
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Fig. 4. Comparison of iso-¢ys curves based on Eq.
(7) and Eq. (6) (Cramb®) with previous-
ly obtained values in Fe (M) /Al,O;-CaF,-
CaO (S) system.

(M/5A2) Fe(M)/Si0z-AlOs-Ca0(S)

system.
O Ogino'® 1873K
A Adachi'® 1813K
O Smoljarenko'™ 873K

—Eq.(7) 1873K
-—-EqQ.{6) Cramb ¥ 873K

9 Xsioe(—)—=

0449 7 70480 L
04400452, 0.5

10.45 Q425

o ol o2
Ca0

Xajz03(—) —=—

Fig. 5. Comparison of iso-¢ys curves based on Eq.
(7) and Eq. (6) (Cramb®) with previous-
ly obtained values in Fe (M) /SiO,-Al,0,-
CaO (S) system.
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Table 4. Comparison of estimated values of os
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6, at t=0.5s based Eq. (9),

(10) with previously

obtained values and with this experimental values in multi-component melt (S) /ALO; (I) system.

Chemical compasitions Os os1(1=0.5s) Psr(t =0.5s) Os1(1=0.5s) Os1({t=0s)
No. S/1 system - (x10"3N/m) (x10"3N/m) (=) (deg) (deg)
XSi02 XAl203 XCaF2 XMgO XCaO XNazO|Cal./Nakajima®®| Mea. Col/EQ(ONIO) Mea. Cal./EqO) Mea. Cal./Eq(Il)  Mea.
SA2/| [Si02-Alz03-Ca0(S) 0.423 0.125 0.453 473.8 472,2 421.6 0.630 0,673 54.1 46.1 1.5
AF2/ | |AlOs-CaFz-CaOlS)| 0. 433 0.567 490.7 390.0 399.6 0.701 0.693 | 42.8 44.4 97.9
0.454 0.059 0.486 468.2 425.3 4242 0.669 0.670 | 46.1 45.9 108.6
/A120s(1)
\773K., Hara2" 0.355 0.645 610.7 247.3 2111 0.823 0.849 | 34.6  28.1 96.7
: 0.019 0.946 0.035 287.4 476.2 473.7 0.604 0,607 17.7 16.0 37.7
SA2/1 |Si0z-Alz03-CaO(S) g 423 0,125 0.453 473.7 401.3 421.6 0.690 0673 | 42.6  46.1 103.3
/ARO3(I) 0.532 0.125 0.342 433.7 540.4 523, 0.564  0.579 | 61.1 58.5 01,6
1823K, Hara2"
_ ' 0.035 0.287 0.005 0.673 602.9 250.3 265, 0.820 0.809 | 34.0 36.5
SAF11/1|8102-Alz03-CaF2 o 0010 0197 0073 0.720 455.8 380.0  347.8 | 0.706 0.734 | 35.7  28.1
-MgO-Ca0-Naz0S] 0,458 0.002 0.065 0.392 0.084 363.4 449,7 448.9 0.636 0.636 | 34.3 34.1
/Al203( 1) 0.259 0.121 0.233 0.06! 0.203 0.104 305.0 464.2 453,1 0.618  0.629 20.4 3.3
1823K, 0.414 0.075 0.031 0,055 0.303 0.100 377.4 465.5 472.2 0.622 0.616 | 4l.1 42.6
This experiment |0-501 0.046 0.100 0.108 0.13! 0.096 318.2 5113 538.8 0.570 0.542 | 41.4  48.4
SAFI/I s?"(‘)féﬁo"c"& 0.035 0.287 0.005 0.673 598.8 248.5 264.7 0.821 0.809 | 33,1  35.9
-Lof 0.010 0.197 0,073 0.720 451.4 346.4 347.5 0.735 0.734 26.6 26.9
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Fig. 6. Comparison of iso~¢s; curves based on Eq.
(10) with previously obtained values and
with this experimental values in Al,O0;-CaF,
-Ca0 (S) /ALO,; (I) system.
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Fig. 7. Comparison of iso~¢s; curves based on Eq.
(10) with previously obtained values and
with this experimental values in Si0O,-Al,O,
-Ca0 (S) /ALO,; (I) system.
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Fig. 8. Influence of [S], ¢ and T on variation of
cosbys with time in ALO, (I) /Fe (M) /
Si0,-Al,O;-CaO (S) system.
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