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Table 1  Structural units of 7-component slag system Table 2 The thermodynamic data of compounds
Type Structural unit Molecular compound AG® (J/mol) Reference
Simple ion Ca>", Mg”, Fe*", Mn**, 0", F Ca0-Si0, —81416-10.498T
Al 03, Si0,, Ca0:-SiO,, 3Ca0-Si0O,, 2Ca0-SiO, —-160431+4.160T
MgO-Si0,, MgO-Al,03, 2FeO-Si0,, 3Ca0-SiO, -92366-23.02T
Molecular compound 3Ca0-AlL O3, 12CaO-7A1293, Ca0-2A1,03, MgO-SiO, 43400-40.0T
Ca0-6A1,03, CaO-MgO-SiO,, 2MgO-SiO, —77403+11.0T
2Ca0-MgO0-2Si0,, 2Ca0-Al,0;5-Si0,, MgO-ALOs —35530-2.09T
3Ca0-3A1,0;-CaF,, MnO-Si0,, 2MnO-SiO, 2Fe0-Si0O, -28596+3.349T
FeO-ALO3 —33272.8+6.1028T
/‘7\ bIZEnCaO3 b2:EnMg05 b3:2nF607 b4zann0: al: 3Ca0-Al,05 -17000-32.0T
12Ca0-7A1,05 -86100-205.1T
ZNaL0; =2Nsio,, A3=2Ncar,, N1=Ncao, N2=Nug0, N3=Nrco, Ca0-ALO; _18120-18.62T 9]
N4:NA1203; NSZNSioz, N6:NCaO~8102> N7:N2CaO-SiOZ:~ Ng= Ca0-2AL,04 —16400-26.8T
Ca0-6A1,05 —17430-37.2T

N3ca0-5i0,» No=Nnig0.5i0,» N10=Namgo-siops N11=Nwmgo.a1,0,5 Ni2=
Noreo-sio,, N13=Neo.a,0,, N14=N3ca0.41,05 Nis=Ni2ca0.741,05
Nis=Ncaosano;,  Nig=

Ni6=Ncio-anL0,,  N17=Ncao241,04

N3A1203-2Si02, N20:NC30~MgO~S102’ N21:NCaO-MgO-2Si02; Np=
N2CaO-MgO-ZSi02> N23:N3CaO~MgO~ZSiOZ; N24:N2Ca04A1203-Si02’ N25:
NCaOAle;ZSiOz; N2s=Nyto, N27:NCaF2: N28:N3Ca0-3A1203-CaF2:
N29:N11Ca0-7A1203-CaF27 NBOZNMnO»SiOZa N3|:N2MnO<Si02' :H:EP
bi~b,, a;~a; 73 %4 CaO, MgO, FeO, MnO, ALOs, SiO,,
CaF, S &, Ni(i=1,2, -, 31)70 54 &4k sl
FHHE.
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N, =K,N,N,, N, =K,N>N,,

N, = K,N'N,, N, =K,N,N,,

N, =KNN,, N, =KN,N,,

N, = K,N2N,, N, = K,N,N,,

N, = K,N’N,, Ny=K,N>NJ,

N, =K, NN, N,=K,NN2, 0
Ny=K NN N, =K, ,NN2Z,

N,y = K,sN,N,N,, N, =K, N,N,N2,
N, = K,NZN,N2, N, = K, N N,N2Z,
N,, = K,,NN,N,, N, = K, N,N,NZ,
N, = K,,NNIN,,, N, =K,,N/'N/N,,,
Ny = K,,N, N, Ny, = K, ,NZN,
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3AL052Si0,
Ca0-MgO-Si0,

8589.9-17.39T
—124766.6+3.768T

Ca0-MgO-28i0, 80387-51.916T
2Ca0-MgO-28i0, —73688-63.639T
3Ca0-MgO-28i0, —315469+24.786T

2CaO~Ale;~Si02
CaOAIZO328102

—17092+8.778T
28006-74.195T

3C30'3A1203'C3F2
11CaO-7A]203»CaF2

—6356-10.45T

—12040-8.2T (1]

MnO-Si0; ~38291.43-0.519T
2MnO-SiO, -86670+16.81T
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b, = n(0.5N, + Ny +2N;) )|

a=>n(N;+N +N +N,+7N + N +2N,; + 6N, +
3N,y +N,, + N, +3N, +7N,,)

a, = N(Ng+ N+ N, + N+ Ny + N+ N, +2N 5 + Ny +
2N, +2N,, +2N,; + N, + Ny + Ny + N3 )

a; = N(1/3N,, + Ny +Ny)
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Table 3 Compositions of experimental slag samples

Slag R CaO/ALLO;  CaO/MgO  FeO (%, w) CaF; (%, »)
1 2.73 1.63 2.88 17.3 0.75
2 3.36 1.86 3.56 15.73 2.05
3 4.18 2.50 442 14.42 3.13
4 4.64 2.23 4.90 13.31 7.50
i Al_umfiriqsil_;g B P

. 11CA0TALOLCaFy _
(a) Slag 1 (b) Slag 2 (c) Slag 3 (d) Slag 4
5 S VA 1S BN BT AR RS
Fig.5 SEM-BSE images of experimental slags (C,AS: gehlenite, C,S: dicalcium silicate)
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Table 4 Compositions of various phases encountered in the tested ladle slag samples
Sla Phase F Mg Al Si Ca Mn Fe
€ CaF, MgO AlLO5 Si0O, CaO MnO FeO
MA-LFeA Element (%, at.) - 9.70 23.74 - - 0.40 332
Oxide (%, ») — 20.92 64.79 — — 1.52 12.78
1 Aluminosilicate Element (%, at.) - 14.04 0.99 18.30 - - 0.34
Oxide (%, ©) - 32.51 2.90 63.17 — — 1.42
(FeO+MgO)+C>AS Element (%, at.) - 3.94 6.89 1.78 6.11 1.12 18.16
g Oxide (%, ») - 677 1501 456 1462 338 5566
MA Element (%, at.) - 7.90 22.71 - 0.40 0.36 4.16
Oxide (%, w) — 17.47 63.51 — 1.23 1.40 16.40
5 Aluminosilicate Element (%, at.) - 0.55 12.07 3.47 13.62 0.31 4.47
Oxide (%, ») — 1.14 31.51 10.68 39.11 1.13 16.45
Element (%, at.) - 3.40 4.88 1.01 4.62 1.31 22.00
FeO+MgO)+C,AS
(FOMZO)+C; Oxide (%, ) - 576 1046 255 1089 391  66.44
MA+FeO Element (%, at.) - 9.44 22.26 - 0.31 0.49 5.15
Oxide (%, ©) - 19.64 58.57 - 0.90 1.79 19.10
Aluminosilicate Element (%, at.) - 2.82 10.67 2.57 11.08 0.69 11.21
3 Oxide (%, ») — 4.97 23.78 6.75 27.16 2.14 35.21
Element (%, at.) - 5.33 10.17 2.11 5.13 1.17 21.36
FeO+MA+C,S Oxide (%, ) - 7.77 18.75 4.58 10.40 3.00 55.50
Oxide (%, ») 1591 12.93 2.02 2.49 1.85 18.81 45.99
Aluminosilicate Element (%, at.) - - 8.19 0.68 19.28 0.32 9.99
4 Oxide (%, @) - - 18.31 1.79 47.42 1.00 31.48
Element (%, at.) 7.37 1.03 10.68 4.33 17.35 0.23 1.89
11Ca0-7AL,05-CaF:

AR Oxide (%, ) 1402 202 2653 12.68 3734 0.80 6.62

B 5 FiZk 4 v LA H, EFE 1 WA SE KRR
HOREUE Y MA+FeA, #FE 2 1 MA+FeA WK
b, HRIRH AN, AR 3 T AT D H MA+FeA,

HEHKEM FeO [EVEAE MA Hy WEE 4 P O&RA
S MA+FeA, TAHA 11Ca0-7AL05-CaF,. fiE4H
TR & FeO+MgO [ ARSI i, hitknl W, F#
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Effect of Effective Concentration of High Melting Point Phases in RH Refining on Slag Sticking

LIANG Xiao-ping, JIN Yang,

WANG Yu, DUAN Hong-ling

(College of Materials Science and Engineering, Chongging University, Chongging 400044, China)

Abstract: To avoid crystallization of high melting point phases in refining slag, such as MgO-Al,0; and FeO-Al,0;, during RH refining
process, a calculation model of effective mass concentration for CaO-SiO,—~MgO—-Al,0;—MnO-FeO—-CaF, slag system was established
based on the coexistence theory of slag structure, and the influences of slag components on effective concentrations of high melting point
phases were studied. The results show that when slag basicity is more than 4, CaO/Al,O; between 1.5 and 2.0, MgO content about 10%,
FeO content about 17%, and CaF, content less than 7.5%, the effective concentrations of MgO-Al,O; and FeO-Al,O; are at low level,
MgO-Al,0O5 and FeO-Al,O3 could not be crystallized from the refining slag. In this case, the slag sticking on RH immersion tube can be
reduced. The calculation results are consistant with those of experiments, which may supply the theoritical basis for devolopment of slag

sticking free modifying agent of RH refining slag.

Key words: RH immersion tube; slag sticking; thermodynamic; effective mass concentraiton



