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Table 1 Structural units of quaternary slag system
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Table 2 Compositional Ratio of the Quaternary Slag

(mass fraction) %
WSS CaO Si0, ALO, MgO R
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Fig.1 Schematic diagram of experimental apparatus

for viscosity measurement
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Table 3 Simplified representation in slag system

a N N N N
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Table 4 Chemical equilibrium in the slag system
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2(Ca>+0>)+Si0,—2Ca0-Si0,
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Table 5 Calculated values of model activity of four slags
T EEE G e 2 Ji 3* i 4
N, 1.639 316E-02 5.112 634E-02 1.623 135E-01 2.119 050E-01
N, 7.725 576E-02 1.513 194E-01 2.660 397E-01 3.387 266E-01
N, 8.750 658E-02 7.424 840E-02 3.286 706E-02 2.153 977E-02
N, 2.555 519E-02 4.233 844E-03 3.543 948E-04 1.567 842E-04
N; 0.318 736 834 0.164 691 014 0.043 765 542 0.025 277 478
Ny 0.164 626 03 0.265 288 348 0.223 815 662 0.168 763 47
N, 0.000 796 164 0.004 001 326 0.010 717 319 0.010 550 199
Ny 0.044 520 754 0.117 812 386 0.165 567 315 0.141 658 07
Ny 0.009 302 946 0.020 887 927 0.012 994 296 0.007 286 176
Ny 1.985 32E-06 2.310 42E-06 5.518 78E-08 5.708 35E-09
N, 5.555 27E-05 0.001 429 874 0.020 253 557 0.029 535 281
N,, 2.243 73E-16 6.015 61E~-11 166.628 481 7 2 677.120 615
N, 0.013 845 138 0.004 492 797 0.000 661 182 0.000 372 425
N, 0.006 709 45 0.004 264 522 0.001 103 383 0.000 791 31
Nis 0.010 986 909 0.018 259 372 0.014 210 566 0.011 857 532
Nig 2.010 65E-06 3.371 22E-08 2.048 86E-11 1.128 71E-12
N,, 0.077 327 172 0.078 258 887 0.036 563 506 0.026 887 599
Nig 0.085 680 51 0.014 366 111 0.000 561 831 0.000 182 778
Ny 0.003 696 34 0.001 932 908 0.000 239 987 0.000 101 928
Ny, 0.012 349 208 0.020 140 039 0.007 938 652 0.004 401 887
N, 0.044 651 662 0.003 243 227 3.193 49E-05 5.347 64E-06
N 6.462 81E-07 8.836 64E-07 3.300 15E-07 1.630 8E-07

9
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Table 6 Regression parameters of the viscosity calculation model of CaO-MgO-Al1,0,-Si0, slag system

i ST A, B, i £t T A, B,

1 Ca0 146.78 1.07E+06 ) Mg0-Si0, 5631.66 ~5.39E+06
2 MgO 360.31 -4.81E+05 12 2Mg0-Si0, 1196.31 ~7.19E+06
3 ALO, ~740.485 1.57E+06 13 Mg0-ALO, ~625.626 1.73E+06
4 Si0, -1209.68 1.66E+06 14 Ca0-Mg0-Si0, -678.11 2.13E+07
5 Ca0-Si0, 36.74 1.72E+07 15 Ca0+Mg0-25i0, -1996.48 1.98E+06
6 2Ca0-Si0, -1487.74 ~3.35E+06 16 2Ca0-Mg0-25i0, ~77 812.90 1.97E+08
7 3Ca0-Si0, -35881.6 6.51E+07 17 3Ca0-Mg0-2Si0, 26 485.60 4.08E+07
8 Ca0-ALO, ~775.262 1.38E+06 18 Ca0-ALO,-2Si0, 14.296.00 -2.11E+05
9 Ca0-2AL0, 32889.95 -2.56E+06 19 2Ca0-ALO,-Si0, 8 503.68 -1.21E+05
10 3Ca0-ALO, 892.00 ~1.79E+06
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Fig.2 Prediction of slag viscosity and activation energy
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Fig.3 Viscosity and activation energy of the test slag
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Fig.4 XRD patterns of quenched samples
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Table 7 Raman characteristic spectrum of

experimental slag
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Viscosity prediction of CaO-MgO-Al:03-SiO: quaternary slag system based on the

molecular—ionic coexistence theory
PENG Cheng'?, HUANG Yufei'”, FENG Haoming'”*, YANG Xin'?, ZHAN Wenlong"*, LIU Jihui'?
(1. School of Materials and Metallurgy, University of Science and Technology Liaoning, Anshan 114051, China;

2. Key Laboratory of Green Low-Carbon and Intelligent Metallurgy, Anshan 114051, China)

Abstract: Viscosity is a crucial physicochemical parameter that regulates mass and heat transfer kinetics at the

slag-metal interface in pyrometallurgical reactors. In this study, a quaternary CaO-MgO-Al,0,-SiO, reference slag

system was examined within the framework of the lon-Molecule Coexistence Theory. Using MATLAB based
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algorithms, the equilibrium activities of all likely structural entities were carefully calculated ; then, an Arrhenius-
type regression was applied to develop a semi-empirical viscosity model. Experimental validation over different
compositional ranges showed that the predicted viscosities closely matched the measured data, with deviations in
activation energy for viscous flow limited to 0. 08, 0.61, 0. 10, and 0.28 kJ-mol™"', respectively. Spectroscopic
and phase-equilibrium analyses confirm that the melt consists of simple ionic species (Ca®™, Mg*, 0”) coexisting
with [Si0,]* and [AlO,]" polymeric units. Increasing concentrations of Ca® and Mg™ ions have a network-
modifying effect, depolymerizing the aluminosilicate structure and causing a structural shift from molecular to ionic
dominance. During controlled cooling, the primary solid phases identified were 2Ca0-Si0,, MgO-+Al,0,, CaO-*
A1,04:Si0,, and Ca0+MgO-SiO,. This model provides the metallurgical community with a fast, composition-
dependent viscosity predictor for CaO-MgO-Al,0,-Si0, slags and explains the direct link between melt speciation
and overall transport properties.

Key words: smelting slag; CaO-MgO-Al0,-Si0, quaternary slag system; viscosity prediction model; viscoelastic

activation energy; equilibrium activity; coexistence theory; structural unit
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