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ABSTRACT 

Surrogate Oak Ridge Reservation (ORR) K-25 B&C Pond sludge was vitrified in a pilot-scale 
EnVitCo melter operated by Clemson University at the DOELIndustrial Center for Vitrification 
Research (Center). This demonstration was performed for the Savannah River Technology Center 
(SRTC) in support of a Department of Energy (DOE) - Office of Technology Development (Om) 
Technical Task Plan. The intent of the demonstration was to determine the feasibility of vitrifying 
actual K-25 B&C Pond sludge in an EnVitCo type melter. B&C Pond sludge is a mixed waste 
consisting primarily of various amounts of Cay Fey and Si, with Ni and U as the principal 
hazardous and radioactive components. The demonstration was successfully completed and 
homogeneous, durable glass was produced. Characterization of the glass product, as well as details 
of the demonstration, will be discussed. 

INTRODUCTION 

The Mixed Waste Focus Area (MWFA) of the DOE - OTD is responsible for developing 
technologies for characterizing, segregating, sorting, and treating DOE Low-Level Mixed Wastes 
(LLMW). They have chartered the SRTC to investigate vitrification treatment of these wastes. As 
part of SRTC's efforts, the MWFA requested the development of a transportable system which 
would be able to be shipped between DOE sites and used to prove the viability of vitrification for 
LLMW on a field-scale. EnVitCo, Inc. was awarded a contract to construct the Transportable 
Vitrification System (TVS) from an Economic Development Forum, and fabrication of the TVS 
was completed in July 1995. 

The first stream identified for demonstration in the TVS was the K-25 B&C Pond sludge. 
Approximately 23 OOO kg of this waste will be treated in the TVS. Before this waste is treated, a 
surrogate vitrification demonstration had to be performed. The EV-16, a smaller EnVitCo melter 
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located at the Center, was selected for the demonstration because of the Center's experience with 
surrogate waste water sludge vitrification demonstrations. During the demonstration, processing 
problems could be detected before treatment in the TVS. Potential offgas pollutants and glass 
inhomogeneities could also be identified. 

WASTE DESCRIPTION 

The K-25 B&C Pond sludge is a mixture of wastes from the K-1407-B and K-14074 ponds. 
These ponds were used as holding and settling ponds for several of the plant's facilities. The B 
pond was operated as a flo-through settling and holding pond where coal pile runoff and fly ash 
were added. C pond, on the other hand, was operated as a total containment basin that received 
sludge from B pond and off-gas scrubber blowdown, ion-exchange resin, chlorides and fluorides.' 
Up to 1988, attempts were made to remediate these ponds using cement based stabilization. After 
this, the sludge from the ponds, which was intermixed with dredged clay liner, was placed into 
steel drums. The total inventory of stabilized drums is about 45 OOO, with approximately 32 OOO 
drums of unstabilized s1udge.l Current storage at the K-25 site is approximately 26 500 m32 

From a hazardous waste perspective, the unstabilized sludges were not a characteristic hazardous 
waste but contained listed FOO6 waste (derived from plating activities). The unstabilized wastes 
failed the Land Disposal Restriction (LDR) limits for nickel and s2ver.l 

Several analyses of the contents of the unstabilized sludge from both ponds have been made. An 
extensive characterization was performed in 1985, while a more limited sampling, which was 
statistically representative of the drummed wastes, was completed in 1992.' W.D. Bostick of the 
Oak Ridge National Laboratory ( O m )  performed an additional characterization of this waste 
under the MWFA in 1993. X-Ray Diffraction (XRD) and wet chemical analyses were performed on 
the sample to determine the major and radiochemical constituents.2 An additional characterization 
was performed by Bostick, T.M. Gilliam of ORNL, and C.M. Jantzen of SRTC in 1995, to better 
define the actual composition. From all of the results available, a best guess composition was 
formulated and is listed in Table I. Ce was used as the radioactive surrogate for the U in the waste. 
This composition was transmitted to the Center to give the best estimate of the waste composition 
for their vitrification demonstrations. 

Table I. Best Estimate for B&C Sludpe and Glass Composition Iwt/%) 
oxide G!zs 
A1203 5.395 2.698 
cao 23.973 1 1.987 
CQO3 0.141 0.070 
Cr203 0.045 0.023 
CUO 0.047 0.024 
F a 0 3  8.329 4.165 
K20 2.064 1.032 
Li20 0.000 7.500 
MgO 0.814 0.407 
MoZ, 0.777 0.388 
N a O  0.246 7.623 
NiO 0.276 0.138 
p205 0.995 0.497 
PbO 0.028 0.014 
Si02 56.208 63.104 
Ti@ 0.667 0.333 

3 
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OPTIMUM GLASS COMPOSITION 

An optimum glass composition for B&C Pond sludge was determined by Jantzen and Gilliam. 
This composition was based on previous studies with ORR sludges performed at the ORNL. A 
soda-lime-silica glass composition was selected because of the high concentration of Ca and Si in 
the waste. In addition, the Na and Li to be used as the glass additives were readily available at the 
ORR. The selected glass composition was 50 wt% sludge, 35 wt% Si@, 7.5 wt% Li20, and 7.5 
wt% Na20. This target glass composition was transmitted to the Center for use in their 
demonstrations and is also given in Table I. At the Center, crucible studies were performed to 
verify the processability of the glass composition. These verification studies proved that a 
homogeneous glass could be formed and poured at 1300°C. 

EV-16 SYSTEM DESCRIPTION 

The EV-16 melter is a ceramic-lined, joule-heated, cold-top melter. Melt volume available is 
approximately 18 in. by 18 in. by 18 in. Heating is controlled by four molybdenum electrodes 
located on each side of the melter below the glass level. Maximum temperature obtainable in the 
melter is 15OOOC. The EV-16 melter is configured with four walls of refractory, so up to four 
different refractories can be tested in a demonstration to determine the wear with a particular feed. 
Refractories installed for the B&C demonstration were 2 blocks of Findley flux block, 1 block of 
Serv30@, and 1 block of Serv-50@. Pouring of the glass from the EV-16 melter occurs through a 
molybdenum tube located in the center of the melter. Flow through the drain is controlled by a 
water-cooled probe, which fits inside the tube to stop flow. Target production rate of the EV-16 
melter is about 15 kg of glass per hour from a slurry feed 

The EV-16 melter is connected to a complete offgas system, which is able to capture particulate 
material that is volatilized during the vitrification process. Offgas from the melter system first 
passes through a vertical 5.08 cm riser and across a 5.08 cm horizontal pipe into an atomizing 
water spray quench. The mixture of gas and water is then pulled into a cyclonic separator to 
remove the liquid water and heavy particles. The gas is then passed through a packed tower 
containing fiberglass insulation and sand for acid gas control and a demister before being exhausted 
to the atmosphere. A sampling port is located in the vertical riser about 1 meter above the melter 
to enable EPA method offgas sampling. 

DATA AND RESULTS 

Feed Fabrication 

For the demonstration at the Center, the sludge surrogate and glass additives were mixed as one 
batch for the melter feed. The batches were made using reagent grade chemicals and Indian Red 
Pottery Clay. The total batch used to make the feed is shown in Table II. Total feed produced was 
approximately 1908.75 kg (4199 pounds). Processing this amount displaces three melter volumes, 
after which steady-state conditions are presumed to exist. The actual waste at ORR which will be 
treated in the TVS demonstration is dried sludge. However, the TVS is currently limited to wet 
feeds. Therefore, water was added to the feed to make a 45 weight percent solids feed. The batch 
was thoroughly mixed in the melter feed tank 

Several samples of the feed material were taken during the demonstration for analyses and archival. 
These analyses included weight percent solids, weight loss, pH, specific gravity, and feed 
chemistry. These analyses were needed to verify the representativeness of the feed, as well as to 
calculate the total volume reduction obtained from vitrification. The loss on drying (1 10°C) of the 

4 
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Table IT. DN Feed Co mDonentS - 
Amount (kg) Chemical 
2.28 Mgo 
8.06 
2.03 Naeo3 
0.89 KOH 
0.36 Na2C03 
803.01 Ti@ 
320.10 Indian Red Pottery Clay 
48.47 Li2CO3 

Amount (kd 
3.13 
5.83 
10.23 
8.97 
188.88 
2.47 
225.22 
278.19 

feed was 53.4%, which corresponds well with the solids loading, while the loss on ignition 
(105OOC) was 62.2%. The pH of the feed was 10, and the average density was 1.46 g/ml. 

The chemical composition of the feed material fed to the melter during the EV-16 demonstration 
was determined by SRTC from three separate samples using Inductively Coupled Plasma - 
Emission Spectroscopy (ICPES) and Atomic Absorption (AA) analyses after Na202 fusion with a 
HC1 uptake and microwave digestion. One of the samples was from the initial feed, while the other 
two were from feed during steady-state operations. These samples were submitted with a glass 
standard so the bas in the chemical analyses could be determined. The normalized average oxide 
and the target composition are given in Table III. 

Table 111. Melter Feed Analvses W t%) 
oxide Analmed Target 
A12°3 4.077 2.698 
CaO 10.207 11.987 

<0.442 0.070 
cr203 0.046 0.023 
CUO ~0.032 0.024 
Fe203 3.796 4.165 
K20 0.983 1.032 
Liz0 7.137 7.500 
MgO 0.581 0.407 
MnO 0.355 0.317 
N 9 0  7.869 7.623 
NiO 0.152 0.138 
p205 0.596 0.497 
PbO c0.042 0.014 
Si02 63.240 63.104 
Ti02 0.341 0.333 

Although not shown in Table III, feed compositions were consistent between samples. 
Comparison of the analyzed composition and the target composition shows that the feed produced 
was very close to the target composition. The biggest differences were in the Al2O3, CaO, and 
Fe2O3 concentrations, which can partially be attributed to the inconsistencies in clay composition 
and partially to batching errors. Ce, Cu, and Pb were not detected during the analyses, and 
unfortunately, the detection limits for the analyses were greater than the target values added. 

The Toxicity Characteristic Leaching Procedure (TCLP)3 was also performed on the feed samples 
to determine the leaching characteristics before vitrification. The results are presented in Table N. 
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Table IV. TCLP Results For B&C Feed CmdJJ 
Batch a I32 & - Ni 
3 <0.050 c0.300 1.009 ~0.250 
15 c0.050 c0.300 1.112 c0.250 
20 c0.050 c0.300 0.825 c0.250 
RCRA Limits 0.066 0.51 N/A 0.32 
TCLPLimits 1.00 5.00 100 NIA 
UTS Limits 0.19 0.37 7.6 5.00 

CE 
co.100 
co.100 
<0.100 
5.2 
5.00 
0.86 

Ba was the only metal found above the analytical detection limits, but it was still less than the 
allowable EPA limits. The RCRA elements may not have leached because of the addition of the 
glass additives to the feed, which may have helped bind the metals in the feed, but also probably 
increased the pH which kept the metal solubility low. 

Me1 ter Operation 

Feed to the EV-16 melter is controlled by monitoring the slurry flow from the continuous feed 
loop. An optimum feed rate ensures that the melt pool is evenly covered. Feed rates were 
monitored and recorded throughout the demonstration both manually every half hour and by the 
Strawberry Tree data acquisition software every five minutes. 

The feed rate during the demonstration was nominally maintained between 12 - 18 Lhour. Four 
days of continuous feeding were required to reach steady-state conditions. For several periods during 
the run, feeding was stopped for various reasons, but no problems with controlling the feed system 
were encountered. 

In addition to the feed rate, the power, voltage, and current being used by the EV-16 melter were 
also monitored and recorded both manually and by the data software. Monitoring of this 
information helps to ensure that the temperature in the melter remains reasonably constant. This 
information can also be used to determine the energy cost of waste processing. The overall 
kilowatt hours used were 5097. 

When the EV-16 melter cold cap/glass level was high enough above the electrodes, the drain probe 
was unseated from the drain tube to initiate pouring. The glass was poured from the melter into 
graphite crucibles for storage. The pour rate was also monitored during the demonstration, with 
average production of about 12.5 kg of glass per hour. 

The EV-16 offgas system was operational throughout the demonstration. The offgas system 
operated as expected and no problems or pluggages were encountered. 

The melter system was visually inspected and examined for wear or corrosion on the refractories 
and the electrodes. Minimal wear of the Findley flux block refractory and no wear on the Serv-30 
and Serv-50 refractory were seen. Also, no visual wear of the electrodes was apparent. 

Glass Sampling 

A total of 23 1/4 graphite crucibles or 686 kg (1510 pounds) of glass were produced during the 
demonstration. Samples of the glass product were removed from crucibles poured during steady- 
state operations. Glass samples were submitted to the SRTC for analyses and characterization. 
Analyses included total constituent, redox, phase assemblage, the Product Consistency Test 
(pCT)4, and the TCLP3. Total constituent analyses of the glass samples consisted of two 

6 
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digestions of the glass samples with subsequent analyses by ICPES and AA to determine the 
major cation concentrations. 

The chemical composition of the samples taken during steady-state conditions were determined. 
The average normalized oxide composition is given in Table V. A glass standard was submitted 
with these glasses so the bias could be determined. The target glass composition and the analyzed 
feed composition are also listed in Table V for comparison. 

Table V. Analvzed G lass co  mDosition Versus 
Analyzed Feed And Target Glass Co mwsidons - Wt%] 

Analyzed Analyzed Target 
chi& ci!B.s Exd ci!B.s 
A1203 4.201 4.077 2.698 
CaO 11.091 10.207 11.987 
ceo2 0.091 <0.442 0.070 
c n o 3  0.269 0.046 0.023 
CUO c0.025 c0.032 0.024 
FQ03 4.240 3.796 4.165 
K20 1.171 0.983 1.032 
Liz0 6.922 7.137 7.500 

0.573 0.581 0.407 
0.340 0.355 0.317 

Mgo 
MnO 
Na20 7.597 7.869 7.623 
NiO 0.209 0.152 0.138 
p205 0.513 0.596 0.497 
PbO 0.038 c0.042 0.014 
Si02 61.743 63.240 63.104 
Ti02 0.449 0.341 0.333 

All three glasses analyzed were very similar in composition. Comparison of the analyzed glass 
versus the analyzed feed compositions indicates that some of the lithia, soda, and silica may have 
volatilized during the vitrification process, while the alumina and Fgo3 were higher than 
expected. Volatilization of the aIkali and silicon species was not totally unexpected since it had 
been seen in previous demonstrations performed at the Center. Other than these differences, the 
compositions were relatively the same. A comparison of the analyzed glass versus the target glass 
indicates that some batching errors may have occurred with the alumina, calcia, lithia, and silica. 
However, the values presented were not significantly different and can partially be attributed to 
incomplete mixing of the feed being fed to the melter and volatility during melting. 

The redox state of the glass was determined from the Fe%Fe3+ ratio by the colorimetric method. 
The Fe2+/F$+ ratio was determined since redox is a very important factor for glass processing. 
High ratios are not desirable in glass joule-heated melters due to the potential to reduce elemental 
or metal oxides to pure metals or sulfides, which can decrease the operating efficiency of joule- 
heated melters. The redox ratio also has an effect on foaming in the melter, glass exit viscosity, 
wasteform durability, and crystallization in the glass product. 

The Fe2+/F$+ ratio for three samples of the glass fabricated during steady state were 0.202, 
0.248, and 0.243. All of these are a little higher than limits established at SRTC for joule-heated 
melters. These results indicate that the melt conditions were slightly reducing. However, no 
problems attributed to redox state were observed. 
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Phase assemblage or devitrification of the glass was determined using XRD analyses. The presence 
of crystals can affect glass durability and can also lead to processing problems if they form in the 
melter or drain spout. Visual examination of the resulting glass indicated that the glass appeared 
amorphous. The glass was dark green with no visible signs of crystallinity. XRD analyses of two 
different glass samples verified that the glass was amorphous. 

The & was performed to determine the durability of the glass in a neutral to alkaline driven 
environment. It is the standard leach test for High Level Waste @LW) glasses and determines the 
leach resistance of the glass smcture. The PCT is performed on a crushed glass (149-74pm) 
specimen that is washed to remove the fines. The test is performed at 90°C in ASTM Type I water 
over a period of seven days. A volume of solution to mass of sample ratio of 10 is used during the 
standard test protocol. The resulting leachate is filtered and then analyzed to measure the releases of 
By Si, Nay Li, and other elements. 

The PCT was performed on two samples of glass produced during steady-state conditions . The 
standard PCT pn>cedure was performed and the triplicate results were averaged. These results were 
normalized for the glass elemental content and compared. Since no acceptance criteria have been 
established for LLMW, the dmbilities of the glasses produced were compared against the HLW 
criteria which states that the glass produced must be more durable than the Defense Waste 
Processing Facility @WPn Environmental Assessment (EA) glas9. The normalized PCT results 
and the EA glass values are contained in Table VI. 

Table VI. Normalized PCT Results (EL) 
SamDle - B si Hi3 Li DH 
1 0.34 0.24 1.00 1.24 11.64 
2 0.34 0.24 1.01 1.25 11.66 
EA5 16.69 3.92 13.35 9.56 11.91 

As can be seen from the results given in Table VI, the normalized releases for By Si, Nay and Li for 
the two glasses were substantially less than the EA glass. The results for the two glasses were 
very similar, which indicate homogeneity within the glass produced. Although not listed in the 
table, the RCRA metals and Ce were not detected in the leachates. It appears that the slightly 
reducing conditions in the melter did not affect the durability of the glass produced. 

The TCLP3 was performed to determine the behavior of the hazardous glass components in an 
acidic environment. The standard TCLP protocol requires sample specimens of c1 cm to be leached 
in acetic acid @H c5.0) for 1822 hours at ambient temperatures. The sample used in this test is 
crushed to the appropriate size and the fines are included with the sample. The resulting leachate is 
filtered and analyzed for elemental concentrations, mostly the RCRA metals of concern. 

The TCLP using the standard EPA protocol was performed on two samples of the steady-state 
glass. The TCLP results for the RCRA metals are given in Table VII. 

Table VII. TCLP Results For B&C Glasses ( mdLJ 
SamDle a Ph CE 
1 c0.050 c0.300 c0.050 c0.250 ~0.100 
2 c0.050 c0.300 c0.050 c0.250 ~0.100 
RCRA Limits 0.066 0.51 NIA 0.32 5.2 
TCLP Limits 1.00 5.00 100 NIA 5.00 
UTSLimits 0.19 0.37 7.6 5.00 0.86 
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The TCLP results indicated that no RCRA metals leached from the glass above the given 
analytical detection limits. These easily met the RCRA, TCLP, and Universal Treatment Standard 
(UTS)  limits. This information will help delist the wasteform because it would no longer be 
considered hazardous. 

CONCLUSIONS 

The vitrification demonstration in the EV-16 melter system located at the DOEFdustrial Center 
for ViMication Research at Clemson University has shown that vitrification of surrogate ORR K- 
25 B&C Pond sludge is viable. A total of 1908.75 kg (4199 pounds) of feed were processed during 
the demonstration, with a total glass production of 686 kg (1510 pounds). This represents a 2.5 
fold reduction in volume based on using dried sludge. Production of the glass required 7.43 kW/kg 
(3.375 kW/pound). 

The feed composition used was 50 wt% surrogate B&C pond sludge, 35 wt% Si@, 7.5 wt% 
Li20, and 7.5 wt% Na20. Processing of this feed did not result in any significant problems during 
the EV-16 demonstration. The resulting glass product was a homogeneous glass, which was 
capable of passing both PCT and TCLP criteria. 

No potential processing problems were identified that would affect the ability of the TVS to 
successfully complete its surrogate demonstrations. 
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