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VITRIFICATION DEVELOPMENT FOR MIXED WASTES 

Richard Merrill, Katherine Whjttington, Richard Peters '':-'.;;._ C•• 
Pacific Northwest Laboratory , Richland, WA 

ABSTRACT 

Vitrification is a promising approach to waste-form immobilization. It destroys hazardous organic compounds and 
produces a durable and highly stable glass. Vitrification tests were performed on three surrogate wastes during 
fiscal year 1994: 183-H Solar Evaporation Basin waste from Hanford, bottom ash from the Oak Ridge TSCA 
incinerator, and saltcrete from Rocky Flats. Preliminary glass development involved melting trials followed by 
visual homogeneity examination, short-duration leach tests on glass specimens, and long-term leach tests on 
selected glasses. Viscosity and electrical conductivity measurements were taken for the most durable glass 
formulations. Results for the saltcrete are presented in this paper and demonstrate the applicability of vitrification 
technology to this mixed waste. 

INTRODUCTION 

The U.S. Department of Energy (DOE) is considering high-integrity waste forms to dispose of mixed low-level 
radioactive and hazardous waste. Vitrification is a promising waste-form option; it destroys hazardous organic 
compounds and produces a durable and highly stable glass. Vitrification research has been conducted through the 
Mixed Waste Integrated Program (MWIP) of the U.S. Department of Energy (DOE) Office of Technology 
Development. During fiscal year 1994, MWIP requested that Pacific Northwest Laboratory (PNL) evaluate 
processing limits for vitrification treatment of DOE mixed wastes. Of particular importance was the investigation of 
glass concentration limits for such components as halides and sulfates. PNL was the original developer of DOE 
vitrification technology selected for treatment of high-level waste (HLW) in the United States and other countries. 
The expertise and facility capabilities developed under the HLW programs are directly applicable to mixed waste 
vitrification development. These laboratory studies precede design of vitrification equipment and process 
flowsheets to permit environmentally sound treatment and disposal of mixed waste. 

The waste stream considered in this study was the saltcrete waste from the Rocky Flats Plant (RFP) in Colorado. 
The use of large quantities of nitric acid in the RFP's production process generated a high volume waste stream 
primarily composed of neutralized nitrate salts. The salt solution was treated with a flocculant to help precipitate 
solids and radioactive material and was then processed in a clarifier. The overflow from me clarifier was sent to an 
evaporator and concentrated to a 35 wt% nitrate or brine salt solution. The salt solution was dried in a spray dryer 
and combined with cement to produce a grouted material called saltcrete. Many of the saltcrete blocks swelled and 
crumbled during extended outdoor storage. This work investigated vitrification of the failed saltcrete blocks. 

Glass development entails directly analyzing the composition of the waste or using the best available data, and 
integrating that information with knowledge of glass chemistry, experience at PNL, and literature surveys to 
formulate canditate glass compositions. The canditate compositions are then prepared in the lab with non
radioactive chemicals and trial melts are made. The melts are inspected and characterized for teachability, 
homogeneity, viscosity, and electrical conductivity. 

METHODOLOGY 

Crucible melts containing varying amounts of simulated waste and additives (e.g., silica, boric acid, alumina, and 
phosphate) were prepared to define a glass composition suitable for vitrification. Initial glass compositions were 
based on compositions reported in the literature and previous melting experience at PNL. Additional melts were 
performed to refine the compositions based upon the homogeneity, viscosity, and chemical durability observed in 
the preceding melts. 

The saltcrete waste consists primarily of portland cement, spray dried salts, and water in proportions (wt%) ranging 
from 55% salt, 18% cement, and 27% water to 51.3% salt, 22.2% cement, and 26.5% water. An approximate 
composition of the dried salts and the average portland cement composition (1) before shutdown of RFP operations 
are shown in Table I. 

*PNL is operated by Battelle Memorial Institute for the U.S. Department of Energy. 



TABLE I. Composition of the Spray Dried Salts 

Spray Dried Salts Average Portland Cement 
Component Wt. % Component , Wt. % 
NaN03 44.3 3CaO.Si02 47.5 
KN03 27.7 2CaO.Si02 27.0 
NaCl 7.8 3CaO.A1203 9.0 
KC1 1.8 4CaO.A1203. 

Fe203 
10.0 

Na2S04 4.5 CaS04 2.9 
K2S04 1.4 CaO 0.7 
Na3P04 0.8 MgO 2.7 
K3P04 0.4 
Na2C03 6.8 
Ca(OH)2 4.5 

A surrogate waste was formulated from batch chemicals to match the reported composition of the saltcrete waste. 
Crucible melts were made with measured amounts of surrogate waste and additives. The surrogate waste and 
additives were manually mixed and transferred to a fused silica, alumina, or porcelain crucible. The crucibles were 
placed in a furnace and held at the melt temperature (1000°C to 1400°C) for one to two hours. In some melts, the 
crucible was removed and the glass poured to permit estimation of the melt viscosity. In others, the furnace was 
turned off and allowed to cool slowly before the samples were removed. The cooled crucibles or poured glass 
buttons were then visually inspected for overall appearance, unmelted material, multiple phases, and crystalline 
inclusions. 

A simple screening leach test provided a rapid estimate of the chemical durability of the glass formulations that 
were visually homogenous and had a suitable melt viscosity. The screening test resembled the EPA's Toxicity 
Characteristic Leaching Procedure (TCLP) in that a crushed glass sample was tumbled with the leachate. In this 
test, a sample of glass was crushed and sieved to a -4mm/+lmm size fraction and leached with deionized (DI) water 
at room temperature for 24 hours, during which time it was tumbled at 30 rpm. The mass ratio of water to sample 
was 10:1. The leachate concentrations were measured by inductively coupled plasma atomic emission spectroscopy 
(ICP-AES). Comparison of the normalized leach rate for the sample and that of standard glasses leached under the 
same conditions provided a comparative assessment of the samples durability. 

Chloride concentrations in the final melts were analyzed by fusing the sample in Na2C03 and submitting the diluted 
fusion for ion chromatography analysis. Matrix spike recovery of chloride by this method exceeded 90%. 

RESULTS AND DISCUSSION 

Glass Formulation 

The primary issue associated with vitrification of the saltcrete waste is the relatively high content of salts in the 
waste, specifically chlorides and sulfates. Many metal chlorides have a low melting point and high vapor pressure 
(2) and therefore volatilize readily during glass melting. Volatilization from the melt can result in the loss from the 
glass of the elements and radionuclides mat were to be immobilized in the vitrified waste form (3,4). Sulfates and 
chlorides have low solubility in typical borosilicate glass systems (<1 wt%), and when they coexist in glass, the 
solubility of each is even lower (5). When present in excess of their solubility limits, sulfate and chloride can form 
a molten salt phase on the surface of the glass with resulting processing problems (electric short-circuiting in a 
joule-heated melter, increased corrosion, and volatilization) and impairment of product quality (concentration of 
hazardous/radioactive elements into a highly teachable phase). The effort to define process limits for various 
problem constituents in glass included attempts to develop formulations with better retention of chloride and sulfate 
in the glass. 

Previous work supported by the MWIP program had demonstrated the usefulness of phosphate in vitrification of 
wastes high in sulfate (6). The use of phosphate glass formulations promotes the decomposition and volatilization 
of sulfate at a low temperature, thereby avoiding the problem of secondary sulfate-phase formation. Therefore, the 



sulfate content of the saltcrete waste is not expected to pose a problem for phosphate glass formulations. The 
current work further investigated phosphate glasses as a means of increasing chloride retention in the glass melt. 
Phosphate glasses can be melted at low temperatures (as low as 1000°C in mis work), potentially reducing chloride 
volatility, and can accommodate large anions in the glass structure. The ability of certain phosphate glasses to 
retain chloride in the melt was therefore investigated in this work. Some silicate glasses were also investigated to 
achieve higher waste loadings and to provide a comparison to a more traditional glass for the phosphate 
formulations tested. 

Forty-nine waste glasses were formulated and prepared for the simulated saltcrete waste. Target melt compositions 
and other data for several of these melts are presented in Table II. All of the formulations listed produced 
homogeneous, glassy melts except for SC30, which had streaks of opacity indicating phase separation or 
crystallization in the melt. The phosphate melts were transparent yellow, and the silicate melts were transparent 
green. The phosphate formulations had lower melting points and generally lower waste loading than the silicate 
melts. 

Table II. Target Compositions of Selected Saltcrete Melts 
(wt% oxide) 

Component SCO sen SC23 SC24 SC28 SC30 SC33 SC37 SC42 SC48 
A1203 25.7 20.0 8.1 11.9 20.4 15.4 20.7 25.0 3.2 19.8 
B203 5.1 11.3 5.2 6.3 3.3 
CaO 6.9 5.4 11.5 10.2 10.0 10.7 7.1 8.5 10.2 8.9 
NaCl 3.5 2.7 4.9 4.3 4.2 4.6 3.0 3.6 4.3 3.8 
Fe203 0.7 0.5 1.1 1.0 1.0 1.1 0.7 0.8 1.0 0.9 
K20 5.7 4.5 7.4 6.6 6.4 6.9 4.5 5.5 6.6 5.7 
MgO 0.4 0.3 0.6 0.6 0.5 0.6 0.4 0.5 0.6 0.5 
Na20 8.3 11.6 12.0 10.6 10.4 11.2 12.6 8.9 10.6 9.2 
P205 34.3 38.5 0.3 0.2 37.7 39.5 39.1 32.8 0.2 39.6 
Si02 13.1 10.2 52.0 41.4 7.6 8.2 5.4 6.5 61.5 6.8 
S03 1.4 1.1 2.1 1.8 1.8 1.9 1.3 1.5 1.8 1.6 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Melt Temp (°C) 

1200 1150 1350 1150 1100 1150 1150 1200 1450 1200 
DI Leach Rate (g glass/m^) 

0.14 0.18 0.32 0.31 0.33 0.45 0.21 0.18 0.20 0.22 
Waste Loading % (g waste oxide/g glass. ) 

41.5 32.3 50.8 45.0 43.9 47.2 31.1 37.6 45.0 36.9 

Leach rates of the saltcrete glasses by the simple leach test previously described was comparable to that of high-
level waste reference glasses leached by this same method. (ARM-1 - 0.18 g/m2; DWPF-EA - 0.32 g/m2). Leach 
results are expressed as the total release (grams of glass leached per square meter of surface area). Both phosphate 
and silicate formulations for the saltcrete produced glasses with a durability comparable to typical high-level waste 
glasses. A comparison of the results from all the melts allows some general statements to be made about the glass 
formulations tested. Durability of the phosphate glasses appeared to be improved with increased alumina content 
(up to 25 wt%). Boron was observed to have a favorable effect on glass formation up to at least 6 wt% in some of 
the phosphate melts; however, several silicate melts with boron added to lower the melting temperature formed a 
separated salt phase on the surface of the melt. Analysis of this phase by X-ray fluoresence showed the primary 
components to be Na, K, CI, and S. 

Chloride retention was investigated in several melts. A low melting phosphate formulation (1000°C) was spiked 
with increasing amounts of chloride by substituting NaCl for Na20 on an equimolar Na basis. The target chloride 
content of the melts was 1.6 wt% to 9.3 wt%. The products ranged from homogeneous glasses to two-phase melts. 
Table III presents results from this series of melts. Retention of chloride in the vitrified product ranged from about 
50% to 70% after melting for one hour in an open crucible. After 24 hr uncovered in the furnace, retention of 
chloride in a melt with the composition of SCI6 was only 15%. Chloride retention in several silicate melts 
(1350°C) and phosphate melts at higher temperatures (1150°C to 1200°C) ranged from about 20% to 40% after one 
hour. 



Table III. Results from Simulated Saltcrete Melts Spiked with Chloride 
(Target Composition in Wt% Oxide) 

Oxide SC16 SC21 SC20 SC19 
A1203 18.0 17.7 17.4 17.1 
B203 5.7 5.6 5.5 5.4 
CaO 6.2 6.0 5.9 5.8 
NaCl 2.6 7.0 11.2 15.3 
Fe203 0.6 0.6 0.6 0.6 
K20 4.0 3.9 3.8 3.8 
MgO 0.3 0.3 0.3 0.3 
Na20 14.6 11.7 8.8 6.1 
P205 42.3 41.6 40:9 40.2 
Si02 4.7 4.6 4.5 4.5 
S03 1.1 1.1 1.1 1.1 
Total 100.0 100.0 100.0 100.0 

Melt Temperature (°C) 1000 1000 1000 1000 

% CI in Batch 1.6 4.2 6.8 9.3 
Analyzed %C1 in Glass 1.1 2.6 3.6 two phase 
% Retained in glass 70.4 61.3 53.5 not 

analyzed 

The above melts show that at least 2.6 wt% chloride can be retained in a homogeneous glass without visible phase 
separation. At 3.6 wt% chloride, opaque white streaks were present in an otherwise homogeneous, transparent 
yellow glass. Higher chloride concentrations led to phase separation of a molten chloride salt. The low melting 
temperatures of certain phosphate glass formulations appeared to improve the retention of chloride in the melt; 
however, significant losses still occurred and most of the chloride was lost from the melts after 24 hours uncovered 
at the melt temperature. Increasing chloride content of the glass generally had a negative impact on durability, 
largely from enhanced leaching of sodium from the glass. 

CONCLUSIONS 

The saltcrete waste is readily vitrified into both phosphate and silicate glasses. The resulting product is stable and 
substantially reduced in volume. Nevertheless, the high chloride content of these wastes poses a problem for 
vitrification technology due to its limited solubility in the glass matrix and high volatility from the melt. Certain 
glasses were shown to retain a substantial, although limited, amount of chloride. However, increased chloride 
concentration has a detrimental effect on glass durability and potentially on the vitrification process due to chloride 
volatilization. Although the low-melting temperature phosphate formulation provided significant retention of 
chlorides, at best only a few weight percent chloride can be contained in the glass and, even at the lower melting 
temperatures, chloride volatilization is a significant concern. 
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