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Study of the Conduction Mechanism of Molten Fluxes for Electroslag Remelting

Kazumi OciNo, Shigeta HARA, and Hidehiro HasHimoTo

Synopsis: :

Electrical conductivities of CaFy,-based fluxes for electroslag remelting were measured and the effects
of the additions on the conductivity of CaF, melt were studied. From the results, conduction mechanism
of CaFy,~based melts were discussed in the term of molar conductivity. The additions of alkali earth
metal fluorides and oxides, such as MgF,, BaF,, MgO, CaO and BaO, varied the molar conductivities of
CaF,—based melts in accordance with the intensity of cation-anion attraction. It seems that those addi-
tions have a tendency to make an ionic pair in the melts. The additions such as Al,Og, TiO, and ZrQO,, may
react with fluorine ions to make oxy—fluoride complex ions and then remarkable decreace of electrical
conductivity by those additions can be explained.
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Fig. 1. Electrical conductivity of CaF,~CaO melts.
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Fig. 2. Electrical conductivities of CaF,-MgF,
and CaF,MgO melts.
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Fig. 3. Electrical conductivities of CaF,BaF,
and CaF,-BaO melts.
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Fig. 4. Electrical conductivities of CaF,-Al,O,
melts.
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Fig. 5. Electrical conductivities of CaFy;-CaO-
TiO, and CaF,~CaO-ZrO, melts.
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Fig. 6. Change of electrical conductivities of CaF,
with additions at 1 600°C.
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Fig. 7. Effect of temperature on electrical con—
ductivities of CaF,~MgF, melts.
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Fig. 8. Relation between specific conductivity and
molar conductivity.
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Table 2. Densities and molar volume for fluxes

at 1700°C.
Flux density(g/cc) molar volume{cc/mol)
CaF2 2.407 32.44
CaF2-3 .9mol. %A1 203 2.394 33.00
CaF2-7.8mol.%A1203 2.397 33.35
CaF2-11.9m01.%A1203 2.414 33.55
Can-]G.lmol .%A1203 2.435 33.65
CaF2-24.2mo'I ZAT 203 2.494 33.62
CaFZ-G.BmUX J%Cal 2.424 31.60
CaF2-13.7m01.%CaO 2.434 30.84
CaF2-25.7m01.%Ca0 2.455 29.50
CaF2-37.3m01.%Ca0 2.482 28.15
CaF2-15m01.%MgO 2.432 29.78
CaF2-15II'I0].%BaO 2.701 33.09
CaF2-15mo].%BaF2 2.697 34.36
Can-'iSmo'l .%Mng 2.388 31.70
Ca F2~30m0'l Mg FZ 2.370 30.96
Can—GOmo'l .%M9F2 2.328 /29. 47
MaF, 2.267 27.49
CaF2-1 Omo1.%Cal~15mol .%Zroz 2.476 33.40
CaF2~]0m0] .%Ca0-15mo1 .%TiOz 2.387 32.15
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Fig. 9. Change of molar conductivities of CaF,
with additions at I 700°C.
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Fig. 10. Relation between molar conductivity and
cation-anion attraction.
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Fig. 11. Change of molar conductivities of CaF,
with additions at 1 700°C.
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Fig. 12. Conductance isotherm (a) and phase
diagram (b) for CaF,~MgF, system.
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T : fEHEE (K)
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R:SHRER T 43RE (K) , [ 4s* AH*
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Table 3. Activation energies of electrical cenductivities for CaF,-based fluxes at 1 700°C.
Togh< = a - bx10*(1/T) 2
Flux Qre(kcal/mol) AART Qp(kcal/mol)
a b
Can 1.098 0.5517 2.52 1.54 4.06
CaF2—6.8m01 .%Ca0 1.228 0.7768 3.55 1.51 5.06
CaF2-13.4m0].%Ca0 1.139 0.5807 2.66 1.38 4.04
CaF2-25.8m01.%Ca0 1.351 1.0069 4.61 1.4 6.02
CaF2-37.8mo'l.%Ca0 1.783 1.8530 8.48 0.94 9.42
CaF2-15mo1.%MgF2 1.359 1.0531 4.82 1.58 6.40
CaF2-30m01.%MgF2 1.276 0.9086 4.16 1.56 5.72
CaF2-60m01 .%M9F2 1.293 1.0219 4.68 1.48 6.16
MgF2 1.294 0.9895 4.53 1.38 5.91
CaF2-15m01.%M90 1.339 1.0570 4.83 (1.62) (6.45)
CaF2-15m0'l.%BaF2 1.319 1.0030 4.90 1.65 6.55
CaF2-15m01.%Ba0 1.324 © 1.0410 4.76 (1.62) (6.38)
CaF,~3.9mo} .%A1203 1.084 0.6241 2.86 1.90 4.76
CaF2-7.8m01.%A1203 1.160 0.8133 3.72 1.41 5.13 5
CaF ,=11.9mo1. %A1 ,0, 1.129 0.9097 4.15 1.39 6.54 o,
CaF2-16.1m01.%A1203 1.256 1.2441 5.69 1.37 7.06 ’
CaF2-24 .2moT1.%A1 2O3 1.423 1.7545 7.99 1.35 9.34
CaFZ-]Omrﬂ.%CaO-]Smol.%T1'02 1.153 0.8222 3.76 - -
CaF,-10mo1.%Ca0~15mo? -#Zr0, 0.967 0.6559 3.00 - -
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Table 4. Values of activation enthalpies 4H¥, activation entropies 4S5% and
activation energies 4G¥% for various fluorides at melting point.

*
fluoride melting point AN =hexp(-Ex /RT) | dielectric [interatomic | AH* - ask e
{°K) XNo Ex constant distance(R) |(kcal/g-ion) (eu) (kcal/g-ion)
LiF 1120 312.6 1783.8 3 1.95 1.78 6.85 9.45
NaF 1268 344.7 2964 3 2.30 2.96 7.32 12.24
KF 1131 402.7 2495 3 2.70 2.50 7.64 11.14
CsF 976 741.8 3262 3 3.30 3.26 6.89 9.98
MgF2 1536 348 5308 3 1.42 5.31 6.76 15.69
CaFZ' 1691 269 3650 3 2.04 3.65 5.84 13.52
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EREIC B D BEDER Lz br ¥~ (45%) BXT
mEbo s 2 v~ (4H*), EHEL=Rv¥— (4G7)
BRI SFERREESOBEEELRAY, FEREL
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