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1. Introduction 4. Application and Summary
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In vitrification of high-level radioactive waste, molybdenum (Mo) g”"eve/rad,-oacﬁ e\assma‘f‘ﬁ.\‘;;ey Na,CaB;0,, Na,CaB;0,,
contained as a fission product tends to separate into a low-viscosity fluid veWaSte(HLW) W
called the yellow phase in cold cap when the waste loading is high (Fig. 1). '{:/ Al,O5=3.5mol%
The occurrence of yellow phase is attributed to phase separation of the Mo Indirect heater A cao [h0=8 Zmole
phase in the borosilicate melt. The yellow phase can incorporate various M- T
radioactive elements and is highly water-soluble. It is necessary to R e Current glass bead
understand the behavior of molybdenum in borosilicate melts in order to Codoap e O Shemical composion N8,0 -
develop glass matrix with sufficient chemical durability and high waste g5 Xd /o g —A Si0, (Quartz)
Ioading. Main eléctrode Al,O,/B,05;=0.24 14":.:?;::,-3:’/:,5?7 /0 [ B\C 0000
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We carried out the phase equilibrium experiments in the system SiO,- | 0.806B,0; MoOs solubility / wt% Sio /N8, A
Na,O—Mo0O3; and SiO,-B,05-Al,05-Zn0O-Ca0-Na,0-Li,0-Mo0O5 at 1200°C and : +0.194A,L0, < & R S > 2 NaBeOsy = " " " etmcion . NasSi;05  NaBs0y - “mole raction
1000°C (Figs. 4, 5 and 6). Element partitionirg I:()jetweﬁn phashe—se)parated Bottom electrode — | 68 ¢ Sub electrode B,O; Sio, B,O; Si0,
silicate liquid and molybdate liquid (simulated vyellow phase) were . " -
determined. By combining new phase equilibrium data, phase relation of R\%g/g;ealtll-2%%ngcp%salItéz?aatlecéeﬁgrlj]getr;]ceerr?qglc\j/l»cl)r%nfi%lubllIty Figure 12. Liquidus phase diagram around current glass bead composition
SiO,-free MoOs-bearing system and thermodynamic data of MoOs-bearing _ database in the pseudo ternary system SiOs-(B,0x-+AL0x)- at MoO;=2wt% and 4wt% calculated using thermodynamic database.
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solid phase, the internally-consistent thermodynamic database (Tables 2, 3 Network modifier component.
and 4) were developed to calculate phase separation of Mo-rich alumino-

borosilicate liquid by means of the CALculation of PHAse Diagram R - We found that liquid-liquid immiscibility of SiO,-Na,O-MoO5 system is less expanded than that reported previously (Fig. 4).
(CALPHAD) technique. The database allows us to calculate phase relation of joﬂe_heatéd e ey (LFCM) A - The MoOs solubility depends on the degree of polymerization and the Na,O activity of silicate liquid (Fig. 6).
MoOs-bearing borosilicate systems and to predict ability of saturation and Reprocessing Plant, Japan. - Thermodynamic database of MoOs-bearing alumino-borosilicate systems was developed (Tables 2, 3 and 4).

tallization of molybdenum phase under equilibrium condition. N . . . :
crystaflizatl Y M phase under equitibrid " - The MoOs solubility of current glass bead and their compositional dependence can be calculated using thermodynamic
database (FIg. 11).

2. Experimental

2-1. Method 2-2. Results
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13mol% or 15mol% MoO; was added for all composition. system increased with decreasing melt viscosity and

Number of experiments : SiO,-Na,0-Mo0O3;=21, 8 oxide system=94. Na20 activity at constant temperature (Fig. 6).

3. CALPHAD optimization

3-1. Thermodynamics 3-3. S10,-Na,0-Mo0O; system
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Gibbs energy of liquid is calculated from sum of liquid L 4 e, Table 3. Interaction parameters for SiO,-Na,0-
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in MoOs-bearing multicomponent liquids. at low temperature

The liquid-liquid immiscibility is caused by positive = Liquid-liqud immiscibility MGliclvcihedl 0
enthapy of mixing (Hy;,) of liquid phase (Fig. 7). The
Hy i, Was approximated by Redlich—-Kister polynomial,
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Figure 7. Gibbs energy of mixing and phase separation in

the case of positive and negative interaction parameters. Figure 9. Experimental and calculated phase relationship in the system

SiO0,-Na,0-Mo0O5 at 1200°C and 1000°C.
Grmix = Hyix — TSpix

a a Table 1. Thermodynamic database and optimized parameters of
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