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Introduction 

The U.S. Department of Energy (DOE) through the Nied  Waste Integrated Program (MWIP) is 
investigating the application of vitrifkation technology to mixed wastes within the DOE system. This 
work involves identifying waste streams, laboratory testing to identify glass formulations and characterize 
the Vitx3k.d product, and demonstration testing with the actual waste in a pilot-scale system. Part of this 
program is investigating process limits for various waste components, specifically those components that 
typically create problems for the application of vitrification, such as sulfate, chloride, and phosphate. This 
work describes results from vitrification testing for a high-sulfate waste, the 183-H Solar Evaporation 
Basin waste at Hanford. 

The 183-H Solar Evaporation Basin waste actually consists of approximately 5,000 tons of several 
different waste streams. The major waste streams identified in the closure plan are sludge, crystallhe 
material, and solidified liquid (1). Adsorbent materid (diatomaceous earth) also comprises a significant 
fraction of the waste since it was added to drums dong with the sludge and crystalline material. The 
compoSition of a composite of the Werent waste streams was calculated based on the relative amounts of 
material in the different waste fractions, and a surrogate material was made to simulate this combination of 
the actual waste materials. Table 1 presents the composition of the surrogate material used in these tests. 

The waste is predominantly sodium niuate and sulfate, along with significant mounts of copper, 
zirconium, and cdc im (from the grout used to solidify the liquid). The high nitrate in the waste does not 
pose a processing problem for vitrification because the nitrates are readily decomposed at temperatures 
below the melting temperatures of glass. Sulfate, however, is more thermally stable, and when present in 
silicate glasses in amounts greater than about 1 wt%, can combine with allCali in the glass to form a molten 
salt phase on the surface of the melt Decomposition of the alkali sulfates normally occurs only at 
relatively high temperatuxes (greater than 1300°C). The two-phase condition resulting from sulfate in the 
waste is undesirable due to effects on the processing of the glass and the final waste form. Water-soluble 
sulfates are not suirable as a waste form; some elements and radionuclides may concentrate in this water- 
soluble phase. A conductive layer may short the elecm>des, and the accumulation of molten salt may NI 
much of the melter unless removed. Efforts in this work focused on formulating glasses so that the sulfate 
is decomposed and driven off from the melt as gaseous oxides. 

Results 

Melts were generally carried out by mixing the surrogate material and desired additives and holding the 
mixture in a furnace at the desired temperature for at least an hour. The melts were then typically removed 
from the furnace and poured. The viscosity was estimated by visual observation during pouring. The 
resulting glass was leach tested by either the Toxicity Chamteristic teaching Procedure (TCLP) or a 
madifcation of the TUP using deionized @I) water as the leachant Results were compared to reference 
glasses leached by the same methods to obtain a preliminary assessment of durability. 

A number of melts were perfoxmed in the silicate glass system at temperatures of 1 150°C to 1350OC. In 
melts with glass formers alone as additives, separation of a molten salt layer (primarily sodium sulfate) 
was observed as expected due to the high sulfate content of the waste. Attempts were made to reduce the 
sulfate with additives such as carbon in order to drive off the sulfate from the melt as a gaseous oxide; 
however, this led to reduction of metals in the melt (primarily copper) and the formation of a copper 
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sulfide button on the bottom of the melt. many instances, both the sulfate and a reduced phase were 
present in the same crucible. Melts of the same shulant composition, but without sulfate included, 
resulted in homogeneous, deep blue glasses, indicating that good glasses could be formed if the sulfate 
were somehow removed. The work confirmed the difficulties resulting from vitrification of sulfate- 
containing wastes in a silicate glass system and did not show much promise unless the sulfate were first 
removed from the waste by some other process. 

Phosphate glasses were next investigated as a means of dealing with high sulfate wastes. Sulfur can 
replace the oxygen in phosphate glasses more readily than in silicate systems (2), and there are reports in 
the limture of phosphate glasses containing sulfate in amounts up to 7 wt% (3,4). Therefore, a number 
of melts were carried out in the temperature range of 1000°C to 12OO0C with phosphate glasses similar in 
composition to those reported to retain sulfate. Inductively coupled plasma spectroscopy (ICP) analysis of 
numerous melts found up to 1.5 wt% S@ in the vitrified product, not nearly as high as reported by 
others. Nevertheless, separation of a molten salt phase was not observed in any of these melts, even with 
a large excess of sulfate in the initial batch (up to 17 wt%). It was apparent that the sulfate was being 
decomposed and driven off from the phosphate melt. This phenomenon was noted in early work with 
high-level waste vitrification (5). Decomposition of the sulfate by the phosphate glass formulation avoids 
the processing difficulties previously mentioned and potentially allows vitr5cation of high sulfate wastes. 
Fllrther work examining the phosphate glasses that were developed is described below. 

Table 2 reports the analyzed composition and other data permining to two glass fmulations developed for 
the 183-H wastes. The waste loading of the composite 183-H waste in these melts is about 38% on a dry 
oxide basis (g waste oxide& glass). SPP22 has a processing temperature of about 1O5O0C, while SPP23 
was melted at 1 150°C. Both form homogenous, dark blue-green glasses. The melts were spiked with 
5000 ppm of lead to better evaluate the abiIity of the glass to retain heavy metals, both during melting and 
leaching. It is evident that minimal volatiiization occurred from analysis of the product glass. It is also 
evident from the analyses that most of the sulfate is evolved from these melts. 

The glasses were tested for chemical durabiity by the TUP and a similar test using DI water as the 
leachant. Three samples of each glass were leached by the TUP, and one sample of each was tested by 
the DI Leach Procedure. Samples of the glasses that had been held at 850°C for 24 hours were also tested. 

. Table 3 summarizes the results of these tests. The durability of these glasses is comparable to or better 
than reference high-level waste glasses. Additionally, devitrification of the samples does not appear to 
have a signifcant effect on the leachability of the melts. 

Phosphate glasses are noted for their high corrosivity; therefore, the effect of the selected glass 
foxmulations on materials commonly found in melters that will be in contact with the molten glass was 
examined. Samples of Inconel690 (Huntington Alloys, Inc.), Mono&-E (Carborundum), and 
molybdenum were placed in crucibles and molten glass poured on the samples. The crucibles were held in 
a furnace at llOO°C for 24 hours. After 24 hours, the contents were poured out and examined. Table 4 
presents a summary of the observations from these tests. Minimal corrosion of the molybdenum was 
observed in both glasses, while the Inconel was severely corroded by SPP23, but only minimally 
comded by SPP22. 

A melt of the SPP23 composition was spiked with a S@ content ranging from 2 wt% to 17 wt% in the 
batch. The analyzed sulfate content of the melted glasses ranged from about I wt% to 1.5 wt% with no 
trace of a separate sulfate phase. The results of ICP analysis showed that only sulfate was sigdicantly 
lost frwn the glass, indicating that the sulfate decomposed to gaseous oxides rather than volatilized as a 
salt. Although the sulfate is not retained in these melts, decomposition of the sulfate results in an effective 
separation within the melter, thereby avoiding problems with the formation of a secondary molten salt 
phase. Many other issues remain to be considered such as the volatility of other elements and nuclides in a 
continuous melter and the means of dealing with the sulfate after it is evolved from the melt. Nevertheless, 
these results show that high sulfate waste streams may be processable in a continuous melter. 

Conclusion3 

A low melting phosphate glass formulation has been developed for a waste stream high in sodium and 
sulfate. At melt t e m p r u e s  in the range of 1000°C to 1200°C, sulfate in the waste is decomposed to 
gaseous oxides and driven off during melting, while the remainder of the oxides stay in the melt. 
Decomposition of the sulfates eliminates the processing problems typically encountered in vinification of 



sulfate-containing wastes, resulting in separation of the sulfate fiom the remainder of the waste and 
allowing the sulfate to be collected in the off-gas system and treated as a secondary waste st ream,  Both the 
vitreous product and intentionally devitrified samples are durable when compared to reference glasses by 
TCLP and DI water leach tests. Simple, short tests to evaluate the compatibility of the glasses with 
potential melter materials found minimal c o d o n  with most materials. 

.- 

Results from these tests demonstrate the potential for vitrification of high sulfate wastes using phosphate 
glasses. These results also demonstrate that consideration of glass systems beyond the soft-borosilicate 
glasses prevalent for high-level waste may allow much wider process limits for the variety of low-level 
and mixed waste streams throughout the DOE system. 

Component 
Ag20 
A1203 
Bd3 
cao 
ce203 
cr203 
CUO 
-203 
K2O 
MnO 
N205 
Na20 
NaF 
Pbo 
S i02 
so3 
ZnO 
.zfoz 
, Total I lOO.OOl 
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Wt% 
0.03 
1.73 
0.01 
12.04 
0.32 
0.15 
10.37 
0.93 
0.10 
0.98 
14.79 
33.00 
5.69 
0.01 
7.63 
6.78 
0.07 
c 27 
2.2 I 



Table 2. Composition of 183-H Phosphate Glasses 
Based on ICP Analysis 

Q u e  Devinitied 
Glass - TCLP Samples -DI 

Quenched 
Glass- 
DI HzO H20 

SPP22-Pb 0.18 0.19 0.19 
SPP23-Pb 0.17 0.14 0.16 
ARM-1 

Glass (g/m2) Wm2) (n/m2, 

- 0.18 0.16 
0.32 5.40 - 

Nannalized Wt% oxide 
SPPZ2 Pb SPP23 Pb 

0.02 0.01 
18.39 
4.49 
0.0 1 
5.25 
0.21 
0.04 
4.17 
0.5 1 
0.94 
0.43 

21.17 
35.55 
0.67 
1.62 
3.79 
0.02 
2.73 2.35 

100.00 100.00 

Devitrified 
Samples- 
TCLP 

0.24 
0.21 

Wm2) 

- - 

21.081 

Inconel 690 Mon0m-E 
The sample is intact 
with a little pitting 
visible on the surface of 
the glass. A layer of 
Cq@ formed at the 
interface of the glass and 
InconeL* 
The Inconel sample 
reacted witb the glass 
and was severely eroded. 

The &block was not 
corroded by the glass. 
Glass fded the pores of 
the e-block. 

The e-block was not 
COIToded by the glass. 
Glass filled the pores of 
the e-block. 

Molybdenum 
The molybdenum 
showed very littie 
corrosion. A reddish 
layer was visible on the 
outside of the moly. 

The molybdenum 
showed very little 
conosion. A reddish 
layer was visible on the 
outside of the moly. 

~ 

Glass 
SPP-22 

SPP-23 

* The layer was submitted for XRD analysis. The layer was composed of 1) Cr2O3 Conc. = 75 wt% (approx.); 2) Inconel- 
type structure present. Conc. = IO wt%(approx.); 3) CristobaIite, Si@ Conc. = 10 wt% (approx.); and 4) UNLDENTlFIED 
P W S )  = 5 wt% (approx.). 


