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Abstract – Molten salt waste generated from the electrometallurgical process to recover uranium and 
transuranic elements is considered as one of problematic wastes to be difficult to immobilize into a durable 
for final disposal. As an alternative, this study suggested a new method performed at molten state, where 
dechlorination was achieved with a new inorganic material containing SiO2, Al2O3 and P2O5. The SAP as a 
reactive material to molten salt was prepared by a conventional sol-gel process. The Prepared SAPs were 
reacted with each metal chloride, LiCl, CsCl, SrCl2 and CeCl3 at 650 C° for 6 hrs and also was reacted 
with simulated salt waste consisting of 90wt% LiCl, 6.8wt% CsCl and 3.2wt% SrCl2 at different waste 
loading. All the reactions were carried out in oxidative atmosphere.  

 
 

INTRODUCTION 
In the management of radioactive wastes, 

molten salt waste from a pyrochemical process 
to recover uranium and transuranic elements, 
which mainly consist of metal chlorides, is one 
of the most difficult wastes not applicable 
directly to a conventional solidification process 
due to its physicochemical properties such as its 
volatility, comparability with a host matrix and 
etc. The ceramic waste form (CWF) developed at 
Argonne National Laboratory (ANL) is an 
example of the immobilization of them; chloride 
is incorporated into a sodalite structure and 
radionuclides as aluminosilicate or oxide forms 
are encapsulated by borosilicate glass [1]. Even 
though it showed a good leach-resistance, the 
waste loading was about 8 wt%. If we consider 
the final waste volume to be disposed of, it is 
necessary to find a new solidification method to 
lower its final volume.  

Our research group established a gel-
forming material system which consisted of a 
gelling agent, a catalyst/stabilizer and a property 
promoter. This reaction system could guarantee 
the conversion of radionuclides in the salt waste 
into stable compounds; there would be little 
vaporization of Cs up to 1100� and the leached 
fractions of Cs and Sr from the solidified product, 
under a PCT-A leaching condition, were about 
0.72% and 0.012%, respectively. As one of the 
immobilization technologies for a radioactive 
molten salt waste, we named this the GRSS 
(Gel-Route Stabilization/Solidification) method 
[2]. This method showed high disposal efficiency 
and a reasonable leach-resistance [3].  

As another approach different from the 
GRSS method based on an aqueous state, this 

paper suggests a new method to stabilize salt 
wastes by using a reactive inorganic material 
containing SiO2, Al2O3 and P2O5 at or above the 
melting temperature of a given salt waste, and it 
describes the experimental results regarding its 
reactivity with metal chlorides, its thermal 
stability and its leach-resistance. 

 
 
EXPERIMENT 
 
LiCl, CsCl and SrCl2 (99% purity, Merck) with a 
composition of 90wt%, 6.8wt% and 3.2 wt%, 
respectively, were used to simulate the waste salt. 
The oxides, SiO2-Al2O3-P2O5(SAP), was 
prepared by a sol-gel process. Tetraethyl 
orthosilicate (TEOS, Aldrich, 98%), aluminum 
chlorides (AlCl3·6H2O, Junsei, 98%) and 
phosphoric acid (H3PO4, Junsei, 85%) were used 
as precursors of Si, Al and P, respectively.  The 
molar ratio of Si/Al/P was adjusted to 3/2/2 
(SAP 050), 1/1/1 (SAP 100), 1/1/1.25 (SAP 125) 
and 1/1/1.5 (SAP 150). All reagents were 
dissolved in EtOH/H2O and the mixture was 
placed in an electric oven at 55~70℃ after being 
tightly sealed. After a gelling/aging for 3 days, 
the transparent hydrogels were dried at 110℃ for 
2 days and then thermally treated at 600℃ for 2 
hrs. A series of final products (SAPs) after 
pulverizing to about 100µm were used as a 
stabilizer for treating the salt wastes.  

The prepared SAPs were reacted with metal 
chlorides at 650~850℃  after mixing it with 
different metal chloride/SAP mixing ratios. Also, 
the simulated salt waste was treated with the 
same procedures. The reaction products were 
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mixed with glass powder with a mixing ratio of 
75(gel product):25(glass) by weight. This 
powder mixture was heat-treated at 1100℃ for 4 
hrs without pressing.  

The leach-resistance of solidified products 
was evaluated by PCT-A leaching method 
(ASTM Standard C 1285-02). The conversion 
rate of the metal chlorides was calculated from 
the Cl concentrations in the leachant under the 
PCT-A leaching test condition. The 
concentration in leachate was measured by IC, 
AAS and ICP-AES. The reaction products were 
characterized by X-ray powder diffraction (XRD, 
Rikaku, CuKα radiation) and TG/DTA 
(10℃/min, 200ml air/min, SEIKO 6300, Japan) 
 
RESULT AND DISCUSSION 
 

Figure 1 shows the XRD peak patterns of the 
reaction products of each metal chloride. The 
mixing ratio of the metal chloride/SAP was 0.7 
and the molar ratio of Li/Cs, Li/Sr or Li/Ce was 
about 4. The prepared SAP was an amorphous 
phase but converted into a crystalline phase 
containing each metal element after a reaction 
with metal chloride; Alkali metal chlorides were 
converted into metal aluminosilicate (LixAlxSi1-

xO2-x) and metal phosphate (Li3PO4 and 
Cs2AlP3O10) while alkali earth and rare earth 
chlorides were changed into metal phosphates 
(Sr5(PO4)3Cl and CePO4) only. These products 
are much more stable compounds than metal 
chlorides forms. These reaction were simply 
expressed as follows.  

 
LiCl+SAP→Li3PO4 + LixAlxSi1-xO2-x + Cl2 
LiCl+CsCl +SAP→Li3PO4+Cs2AlP3O10 

+ (Li, Cs)-alumniosilicate+Cl2 
LiCl+SrCl2+SAP→Li3PO4+LixAlxSi1-xO2-x  

+ Sr5(PO4)3Cl+Cl2 
LiCl+CeCl3 +SAP→Li3PO4+LixAlxSi1-xO2-x 

 + CePO4+Cl2 

 
Fig. 1. XRD patterns of the reaction products  

between SAP and each metal chloride  
(at 650 ℃ for 6 hrs) 

Figure 2 shows the XRD patterns of the 
reaction product with different mixing ratios and 
SAPs. The reaction products were nearly the 
same with the mixing ratios. It should be noted 
that the characteristic peak of AlPO4 gradually 
disappeared with an decreasing reaction ratio.  
Considering a given material system, AlPO4 
might be formed during the preparation of SAP. 
From the XRD analysis, SAP has no crystalline 
AlPO4 while the reaction products after a 
reaction with metal chlorides contained it. 
Generally, Al in the SiO2-Al2O3-P2O5 system is 
an intermediate element which produces a 
connecting chain with Si or P. So, the chemical 
form of the reaction products and the generation 
of crystalline AlPO4 might explain the chemical 
procedure during the reaction between metal 
chlorides and SAP.  LiCl can dissolve the 
phosphate domain in SAP, which would produce 
three active chemical species containing Si-O-
Al, Al-O-P and P-O-P. Therefore, the existence 
of AlPO4 revealed the optimum reaction ratio for 
treating a molten salt by using SAP. As shown in 
figure 2, the ratio was about below 2.  

The optimum condition could also be 
obtained by the thermo gravimetric analysis. 
Figure 3 shows the TGA curve for each reaction 
product. The results were compared with the 
ANL method using zeolite 4A as a stabilizer, 
where the reaction ratio of zeolite/salt=10. As 
shown in figure 3, above the reaction ratio of 2, 
the weight loss was below 1wt%. By using the 
PCT leaching test method, the residual Cs was 
analyzed to evaluate the degree of 
dechlorination. Figure 4 shows the residual Cl% 
in the reaction products. Similar to the XRD and 
TGA results, the conversion or dechlorination 
rate were about 98~99% at a specific reaction 
condition, SAP/salt=2.  

Table I shows the leached rate of the 
wasteforms obtained by the PCT-A leaching test 
method. Leach rate of Cs and Sr were about 10-3 

g/m2day.  
 

CONCLUSION 
 
In this study, our research group suggested a 

new method to dechlorinate and stabilize a 
molten salt waste by using a reactive inorganic 
material, named SAP. The experimental results 
provided basic information on the reactivity of 
SAP and the applicability of the reaction 
products to a high temperature process for a final 
disposal. Metal chlorides are effectively 
converted into stable products under a reasonable 
reaction ratio.  
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TABLE I. Leach rate of reaction products 
tested by PCT-A leach method (g/m2day) 
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Fig.  2. XRD patterns of the reaction products with different mixing ratio and SAPs 

Fig.  3. Thermo-gravimetric analysis of the reaction products 


