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Table 1 Formulas of action concentrations, standard Gibbs free energies and chemical reactions of complex molecules in

MgO-B,05-Si0,-Ca0-AlL,0; slag system

Structural unit

Chemical equation

AG,2/(J-mol ™)

Concentration expression

3MgO'B,0;
2MgO-B,0;
2MgO-SiO,
MgO-SiO,
Ca0-Si0,
3Ca0-28i0,
2Ca0-Sio,
3Ca0-Si0,
3Ca0-B,0;
2Ca0-B,0;
CaO-B,0;
Ca0-2B,0;
B,05-Ca0-2Si0,
3A1,05-28i0,
9A1,052B,0;
2A1,05B,0;
3Ca0-AlO;
12Ca0-7A1,04
Ca0-ALO;
Ca0-2Al,0;
Ca0-6AL,0,
MgO-ALO;
Ca0-AL04'Si0,
2Ca0-AL05-SiO,
CaO-MgO-SiO,

2Ca0-MgO-28Si0,

3(Mg*+0?)+B,0;=3MgO0-B,0;
2(Mg*"+0%)+B,0:=2Mg0-B,0,
2(Mg*+0%)+Si0,= 2Mg0-Si0,
(Mg**+0*)+8i0,=MgO-SiO,
(Ca®*+0*)+Si0,=Ca0-SiO,
3(Ca’*+0*)+28i0,=3Ca0-28i0,
2(Ca**+0* )+Si0,=2Ca0-Si0,
3(Ca*"+0%)+Si0,=3Ca0-SiO,
3(Ca®*+0%)+B,0;=3Ca0-B,05
2(Ca*"+0%* )+B,05=2Ca0-B,05
(Ca*"+0%)+B,05=Ca0-B,0;5
(Ca*+0?)+2B,05=Ca0-2B,05
(Ca**+0?)+B,05+2Si0,=B,0;:Ca0-2Si0,
3A1L,04+28i0,=3A1,0,-2Si0,
9A1,05+2B,05=9A1,05-2B,0;
2A1,05+B,0:=2A1,05-B,05
3(Ca*+0%* )+AL0;=3Ca0-Al,0,
12(Ca?*+0*)+7A1,0,=12Ca0-7AL0;
(Ca**+0*)+A1,0;,=Ca0-Al,O5
(Ca®>"+0*)+2A1,0;=Ca0-2A1,0,
(Ca**+0*)+6A1,0,=Ca0-6Al,0;
(Mg +0*)+AL0;=MgO-Al,05
(Ca®>"+0* )+AL0y+Si0,= Ca0-Al,05-SiO,
2(Ca®*+0*)+AL05+Si0,=2Ca0-AL,05-Si0,
(Ca**+0* )+(Mg*+0?)+Si0,=Ca0-MgO-SiO,
2(Ca*"+0* 1 +H(Mg? +0*)+28i0,=
2Ca0-MgO-2Si0,

—175754.4+26.1T
—149543.8+26.4T
=77403+11.0T
43400-40.0T
—22476-38.52T
—258102-0.317T
—100986—24.03T
—138462-26.732T
—129790.8-54.60T

—108019.44-46.56T

—75362.4-20.77T
—109694.16-0.67T
—167116.3+38.46T

18935-27.009T
—176749.5+58.27T
-91712+30.097T
—20123-19.089T
—86100-205.1T
—1716—45.309T
—5447-6.050T

—22902-28.486T

—15606-15.034T

—66387-22.869T
—137321-39.317T

—108248-7.595T

—186446—15.933T

Ne=K\N 13N2
N=K>N,*N,
Ne=K3N;*N;
No=K4N N3
N10=Ks5N3Ny
N 11=K6N32N43
N 12:K7N3N42
Nis=KgNsNy
N 14=K9NzN43
N 15=K10]\72N42
N16=K1NxNy
N17=K12N22N4
N18:K13N2N32N4
]\[19:1<14N32Ns3
]\/20=K15sz[\/59
N21=K1(>]\72N52
Nn=K| 7N43N 5
N23=K18N412N57
Ny=K19NyNs
N25:K20N4N52
N26:K21N4N56
N27=K5;NiNs
Nog=K3N3N4Ns
N29=K24N3N42N 5
N3=KsN N3N,

N31=K6N V- 32N 42
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Table 2 Temperature dependence of surface tension of pure

components
Component Surface tension calmillation Temperature/K
expression/(N'-m )
MgO (1770-0.6367)X 107 1623-1873
B,0; (37.9+0.0367)X 107 973-1673
Si0, (243.2+0.0317)X 107 1773-2073
CaO (791-0.09357) X 10°* 1573—-1873
Al O, (1024-0.1777)X 10°* 1473—-1873

3 A ITER M SR OC R
Table 3  Relationship between molar volume of pure

components and temperature

Component Molar volume calculation expression/(m*-mol ")

MgO 16.1[1+1 X 1074(7-1773)] X 10°°
B,0; 45.8[1+1 X 1074(1-773)] X 1076
Si0, 27.516[1+1 X 10°4(7-1773)]X 10°¢
CaO 20.7[1+1 X 10°4(T=1773)]X 107¢

AlLO4 28.3[1+1 X 10747 -1773)]X 10°°
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values from literature for MgO-B,03-Si0,-Ca0O-AL,0O5 related

system
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Table 4 Composition content, temperature and relative error average error for B,Os;-riched related experimental system

Composition content, w/%

System Temperature/K  Average error/%
MgO B,0O3 Si0O, CaO Al,O3
B,0;-CaO 1273-1873 6.57
B,05-Ca0-Al,0; 5-20 44.0-52.3  36.0-42.8 1673 17.62
B,0;-Si0,-CaO 14.0-57.12 4.56-30.12 32.31-59.09 1673 12.5
B,05-Si0,-Ca0- 1,0; 5-10 23.3-40.4 44.9-62 14.7 1563—1643 10.9
MgO-B,05-Si0,-Ca0-Al,0; 852  0.0-16.0 18—38 6—52 820 1753-1903 9.8
Total 9.03
32 2 B,0; SRUARBEREKS 0.6 ALISTIE
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RIS, %5 B,05 & BAKREL MK B0 z
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Fig. 2 Surface tension of molten binary system containing
B,03 at 1873 K: (a) B,03-Ca0 and B,03-MgO binary systems;
(b) Al,05-B,0; and B,05-Si0, binary systems
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Fig. 3 Relationships between surface tension and ion bond
fraction (a) and electrostatic potential (b) of cations for pure

oxide at 1873 K
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Calculation of surface tension for
MgO0O-B,0;-Si0,-Ca0-Al,O; molten boron-rich slag system

XU Ji-fang', LI Jian-chao® >, WENG Wen-ping', SHENG Min-qi', CHEN Dong', ZHANG Jie-yu?, CHEN Yao'

(1. School of Iron and Steel, Soochow University, Suzhou 215021, China;
2. State Key Laboratory of Advanced Special Steel, Shanghai University, Shanghai 200072, China;
3. Department of Materials Engineering, Hebei Institute of Vocational and Technique, Shijiazhuang 050091, China)

Abstract: Based on the coexistence theory of ions and molecules of molten melt structure and Butler’s equation, a
thermodynamic model was developed to establish the surface tension of MgO-B,0;-Si0,-Ca0-Al,O; system and its
sub-system. The relationship between the composition and surface tension was investigated, which provided reference for
the regulation and comprehensive utilization of boron-rich slag. The results indicate that the calculated value of surface
tension agrees well with the literature data, and the average error is about 9.03%. The surface tension of molten slag
decreases with increasing the B,O; component significantly in binary system. The surface tension value of pure oxide is
related to the electrostatic potential of cations and the ion bond percentage in oxide. The surface tension in
multi-component system increases with increasing the mass ratios of MgO to SiO,, the CaO content and Al,O; content,
and the effect of CaO on surface tension is the same as that of Al,O content.

Key words: MgO-B,0;-Si0,-Ca0-Al,0O; molten slag; surface tension; component content; coexistence theory;

calculating model
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