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Viscosity Evaluation of CaO—-SiO,—R,0 (R=Li, Na and K) Based Multi-phase Fluxes

Noritaka SAITO, Shinji YOSHIMURA, Shinichiro HARUKI, Yoshinori YAMAOKA, Sohei SUKENAGA and Kunihiko NAKASHIMA

Synopsis : Viscosity of CaO-SiO,~R,0 system at elevated temperature has been systematically evaluated with a rotating-crucible viscometer over the
wide range of temperature, which includes the region of solid-liquid coexistence, so called “multi-phase”. It was found that the viscosities of
Ca0-Si0,~R,0 melts increased with temperature decrease, and were described with Arrchnius type temperature dependence between
20-100°C range of temperature below the liquidus. The rheological characterization of CaO-SiO,~R,0 melts had a transition from Newton-
ian to non-Newtonian fluid at a given temperature, which was classified as Bingham fluid according to the relationship between the shear rate
and the shear stress calculated based on the experimental condition and the viscosity data. It was unveiled that the crystallization behavior
controlled the changes in the Bingham yield stress 7, of CaO-Si0,~K,O multi-phase fluxes with temperature decrease. The gradual increase

of 75 was attributed to the crystallization of the super-cooled melt with the dispersed fine grains. The devitrification with the course dentritic
crystals caused the steep increase of 7.

Key words : viscosity; shear stress; shear rate; crystallization; non-Newtonian fluid.
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Fig. 1. Temperature dependences of apparent viscosity
of 50Ca0-50Si0,mol% solid-liquid-coexistence
melt on various rotational speed of crucible. Solid
line is the extrapolation based on Arrehnius type
temperature dependence for the viscosity above
liquidus.
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Fig. 2. Temperature dependences of apparent viscosity of
47.5Ca0-47.5810,-5Li,0 mol% solid-liquid-co-
existence melt on various rotational speed of cru-

Fig. 5. Temperature dependences of apparent viscosity of
45Ca0-458i0,-10Li,0 mol% solid-liquid-coexis-
tence melt on various rotational speed of crucible.
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Fig. 3. Temperature dependences of apparent viscosity of Fig. 6. Temperature dependences of apparent viscosity of

47.5Ca0-47.5510,-5Na,0mol% solid-liquid-co-
existence melt on various rotational speed of cru-
cible.
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Fig. 4. Temperature dependences of apparent viscosity of

47.5Ca0-47.5810,—5K,0 mol% solid-liquid-coex-
istence melt on various rotational speed of cru-
cible.

45Ca0-458i0,-10Na,0 mol% solid-liquid-coex-
istence melt on various rotational speed of cru-
cible.
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Fig. 7. Temperature dependences of apparent viscosity of

45Ca0-45Si10,-10K,0mol% solid-liquid-coexis-
tence melt on various rotational speed of crucible.
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Fig. 8. Shear stress on Pt—Rh rod calculated from viscosity
of 50Ca0-50Si0, mol% melt as a function of
shear rate estimated based on the dimension of
Pt-Rh crucible.
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Fig. 9. Shear stress on Pt—Rh rod calculated from viscosity
of 45Ca0-458i0,-10K,0 mol% melt as a function
of shear rate estimated based on the dimension of

Pt—Rh crucible.
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Fig. 10. Plot of shear stress at yield on Pt-Rh rod for
50Ca0-508i0, mol% and 47.5Ca0-47.5510,—
5R,0mol% melts versus temperature deviation
from liquidus. Yield stress is estimated based on
the liner intercept between shear rate and stress.
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Fig. 11. Plot of shear stress at yield on Pt-Rh rod for
50Ca0-508i0, mol% and 45Ca0-45Si0,-10R,0
mol% melts versus temperature deviation from lig-
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Fig. 12. SEM images of 47.5Ca0-47.5Si0,—5K,0 mol%
glasses quenched from given temperature after
viscosity measurements. Glasses quenched from
1250 and 1290 °C include different sized spherical
K,Ca;Sig0,¢ particles, which degrees of crys-
tallinity are 27.6% and 8.2% respectively. Nega-
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Fig. 13. SEM images of 45Ca0-45Si0,~10K,0mol%
glasses quenched from given temperature after
viscosity measurements. Sample quenched from
1370°C contains dendritic crystalls of Ca,SiO,,
which crystallinity is 27.3%.
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