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VITRIFICATION OF NAC PROCESS RESIDUE 

R.A. Memll, K.F. Whittington, and R.D. Peters . *. 

Battelle - Pacific Northwest Laboratory' 

ABSTRACT 

Vitrification tests have been performed with simulated waste compositions'formulated to represent the residue which 
would be obtained from the treatment of low-level, nitrate wastes from Hanford and Oak Ridge by the nitrate to 
ammonia and ceramic WAC) process. The tests were designed to demonstrate the feasibility of vitrifying NAC 
residue and to quantify the impact of the NAC process on the volume of vitrified waste. The residue fi-om NAC 
treatment of low-level nitrate wastes consists primarily of oxides of aluminum and sodium. High alumina glasses 

. alumina, and even higher contenG in opaque glasses, were obtained at melting temperatures of 1200°C to 14OO0C. 
.* 

A modified TCLP leach test sho%d the high a l h i n a  glasses to haye good chemical durability, leaching 
significantly less than either the ARM-1 or the DWPF-EA high-level waste reference glasses. A significant increase 
in the fmal waste volume would be a major result of the NAC process on LLW vitrification. For Hanford wastes, 
NAC-treatment of nitrate wastes followed by vitrification of the residue will increase the final volume of vitrified 
waste by 50% to 90%; for Melton Valley waste from Oak Ridge, the increase in fmal glass volume will be 260% to 
280%. The increase in volume is relative to direct vitrification of the waste in a 20 wt% Na20 glass formulation. 
The increase in waste volume directly affects not only disposal costs, but also operating and/or capital costs. Larger 
plant size, longer operating time, and additional energy and additive costs are direct results of increases in waste 
volume. Such increases may be balanced by beneficial impacts on the vitrification process; however, those effects 
are outside the scope of this report. 

. were formulated to maximize the waste loading of the NAC product. Transparent glasses with up to 35 wt% 

INTRODUCTION 

The nitrate to ammonia and ceramic (NAC) process, developed at Oak Ridge National Labordtoiy ( O m )  for 
processing of high-sodium nitrate wastes, converts nitrate salts to a mixture of sodium aluminate and hydrated 
alumina (1). Large quantities of the low-level tank wastes at Hanford consist primarily of sodium nitrate. O W  is 
investigating the application of the NAC process to the Hanford wastes and similar waste streams such as the 
Melton Valley wastes at Oak Ridge. Because the reference process for treatment of sodium nitrate low level wastes 
(LLW) at Hanford is vitrification, this work was commissioned to investigate the feasibility of vitrifying the 
residues Eiom the NAC processing of sodium nitrate wastes. The residue resulting fiom NAC processing of pure 
sodium nitrate is 82 wt?h Al203 and 18 wt% Na20; therefore, maximizing the waste loading is a matter of 
maximizing the alumina content of the vitrified waste. This report describes development and testing of high- 
alumina glass formulations suitable for vitrification of the NAC product, and provides a simple analysis of some 
potential effects of integrating the NAC process into the current LLW vitrification plans. 

EXPERIMENTAL 

Simulated NAC product was made for four different waste streams: Hanford double shell slurry feed (DSSF), 
Hanford remaining inventory (RI), Oak Ridge Melton Valley High (MVST-H), and Oak Ridge Melton Valley Low 
(MVST-L). The compositions of the NAC products were calculated Eiom the reported waste compositions 
assuming that 3 moles of alumbum metal were required to complete the NAC reaction for each mole of 
nitratelnitrite and that the metal was quantitatively converted to aluminum oxide. Tables I and II, respectively, 
present the reported compositions of the waste streams and the calculated oxide composition of the products that 
would psult fi-om NAC treatment. Simulants of the NAC product from each waste stream were made fi-om reagerlt 
gradetlemicals. Development of a suitable glass formulation was carried out for the Hanford DSSF waste, and 
melts for the other waste streams were made to match this composition. 

' Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle Memorial Institute under 
Contract DE-AC06;76RLO 1830. 
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TABLE I. Waste Stream Compositions (g/L) 

2.08 

...- . .  . _i 

3.04 

Hill 
. DSSF 

31.10 
0.35 
0.40 
0.04 
14.13 
0.02 
0.02 
1.44 

185.94 
1.04 
1.41 
1.85 
3 -40 
2.85, 

4.00 
230.14 

ord 
RI 

8.16 
0.02 
0.32 
0.02 
0.27 

<o.o 1 
0.07 
1.44 

185.94 
1.04 
1.41 
7.81 
0.33 
2.47 

4.00 
123.20 

. .  _ .  

ORNL 
MVST-H I MVST-L 

i 
11.20 1 
18.23 

. 0.260 

189.06 

3.55 
3.84 

2.99 

110.93 

3.55 
1.73 

TABLE II. Calculated Oxide Composition of the Product Resulting from NAC Treatment of Four Different Waste 
Streams (normalized wt??ixide) . 

Ha 
DSSF 
68.83 
0.05 
0.06 
:0.01 
2.05 
<0.01 
<o.o 1 
0.2 1 
26.96 
0.15 
0.20 
0.27 
0.49 
0.4 1 
0.30 

100.00 

3rd 
RI 

74.56 
<o.o 1 
0.04 
<0.01 
0.03 
<0.01 
0.01 
0.18 
23.16 
0.13 
0.18 
0.97 
0.04 
0.3 1 
0.38 

100.00 

01 
MVST-H 

79.95 
0.98 

1.59 
0.02 

16.37 

0.3 1 
0.43 

0.35 
100.00 

IL 
MVST-L 

80.40 

0.48 

17.56 

0.56 
0.36 

0.64 
100.00 

The general melting procedure was to weigh the desired amounts of chemicals into a rose porcelain crucible, mix 
thoroughly, and place in the hrnace at the desired temperature. After one hour, the melt was removed from the 
furnace and poured onto an Inconel@ plate. The viscosity of the melt (an important processing parameter) was 
estimate from visual observation of the pouring glass. 1 * 

Glass samplks were retained for leach testing by a modified TCLP procedure that provides a simple screening test 
for identifying durable glasses. In this test, a sample of the glass is crushed and sieved to a -4 mm/+l mm size 
€taction. The glass sample is tumbled for 24 hours in deionized @I) water at a mass ratio of 10 g water to 1 g 
glass. The leachate is filtered through a 0.45 pm filter, acidified to a pH of less than 2, and analyzed for metals by 

2, 
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inductively coupled plasma atomic emission spectroscopy (ICP/AES). The use of DI water rather than the sodium 
acetate buffer of the standard TCLP allows determination of sodium leaching from the glass. 

so3 
Total I 

Some of the melts were subjected to additional testing to further investigate the processability of the high-alumina 
glass formulations. The electrical conductivity of one of the glasses was measured as a h c t i o n  of temperature. 
Scanning electron micrascopy (SEM) and X-ray fluorescence (XRF) were used to investigate inhomogeneities in the 
glass. Samples of some glasses were heat-treated under various conditions to verify their stability at the long 
residence times typical of a joule-heated melter or to determine the resistance of the formulations to devitrification at 
temperatures below the normal processing temperature. The modified TCLP leach test was performed on these 
samples to compare the leaching behavior to the non-heat-treated samples. 

100.00 

RESULTS 

0.15 

Glass melt tests were carried out to identify glass systems which formed a vitreous product suitable for processing 
the NAC product. High alumina glasses reported in the literature provided a starting point for the formulations 
investigated (2,3). The highest alumina content reported was achieved in a sodium aluminophosphate (Na-AI-P) 

. system, and a somewhat lower content of alumina in a sodium aluminosilicate system. Melts were first performed 
. to investigate the maximum alumina content in. the Na-ALP system with boron andor iron oxide as minor 
-' 

additives. Further melts used t&-DSSF s h u l g i  in either the Na-ALP system or an aluminosilicate system. 
Finally, melts with the other NAC product simulants were made to approximate the best glass composition from 
the DSSF melts, since the NAC product composition was similar for all four waste streams. Table I11 presents the 
results of the final melts using the four different waste simulants. 

0.28 

Table III. Target Melt Composition (Wt% Oxide) and Other Information for Melts of the Simulated NAC Product 
fi-om Four Waste Streams 

Ha 
DSSF 

. 33.57 
4.88 
0.02 
0.03 

XO.01 
1.00 

co.0 1 
co.01 

0.10 
18.03 
0.07 
0.10 

41.59 
4.24 
0.20 
0.15 

ird 
RI 

34.68 
4.65 

<0.01 
0.02 

XO.01 
0.02 

co.0 1 
co.01 

0.08 
18.22 
0.06 
0.08 

41.85 
0.02 
0.14 
0.18 

C 
MVST-H 

35.53 
2.61 
0.43 

0.71 
0.01 

18.26 

41.92 
0.32 

NL 
W S T - L  

35.74 
2.67 

0.21 

18.81 

42.03 
0.26 

I 0.12 I 0.14 I 0.15 I 0.12 

I 0.17 I 0.12 I 0.09 I 0.09 

I 0.49 I 0.47 I 0.44 I 0.44 

Wkte Loading (kg Waste Oxidekg Glass) 

Waste Loading (kg NAC Residue Oxidekg Glass) 

I 

I 0.17 I 0.12 I 0.09 I 0.09 

I 0.49 I 0.47 I 0.44 I 0.44 

n r i  I n ..- I n .e 0.1" I 

Wkte Loading (kg Waste Oxidekg Glass) 

Waste Loading (kg NAC Residue Oxidekg Glass) 

Melt Temperature ("C) 
I 1300 I 1300 I 1400 I 1400 

Figure 1 shows the electrical conductivity of the Na-AI-P glass as a fknction of temperature as measured on the 
Hanford DSSF glass; the other glasses reported in Table I11 will show a similar behavior due to similarity in 
composition. The c6nductivity in the melt temperature range (1250OC to 1350°C) is nearly identical to that of 
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glasses recently prockssed in a high temperature melter at PNL; thus, the electrical conductivity of these NAC glass 
formulations is suitable for processing in a joule-heated melter. 

1150 1200 1250 1300 1350 
Temperature ("C) 

Figure 1. Electrical Conductivity of the Hanford DSSF Glass as a Function of Temperature 

0 

Figure 2 compares the leach results for the NAC melts reported in Table III to high-level waste (HLW) reference 
glasses leached by the same test. The Defense Waste Processing FacilityEnviromental Assessment (DWPF-EA) 
glass represents the minimum acceptable standard for HLW, while the Approved Reference Material-1 (ARM-1) is a 
significantly more durable reference glass. 

SEM and X R F  were used to investigate crystalline phases present in the melts. A sample of the Hanford RI glass 
(as reported in Table III) contained a visible, pink opaque phase within the transparent green glass matrix; however, 
SEM of this sample showed no apparent inhomogeneities or crystalline structure. The lack of observable phase 
separation in the SEM indicates compositional differences between the glass phase and the opaque phase may have 
been small. This conclusion is supported by XRF analysis of a sample of the DSSF glass prepared for the 
electrical conductivity measurement. A single batch of materials was mixed, separated into two separate crucibles, 
and melted to provide sufficient glass for the conductivity analysis. The glass in one crucible was transparent green 
while the other melt contained substantial amounts of the pink opacity observed in some of the previous melts. 
Only minor differences in composition due to mixing effects would be expected between these two melts. 
Qualitative XRF analysis showed the opaque phase to be the same composition as the transparent glass phase. 

Some of the glasses were heat-treated to further investigate processability in a vitrification system. A sample of the 
DSSF glass was held at 130OOC for 24 hours to investigate melt behavior at long residence times typical of a joule- 
heated melter, while another sample was held at 1200°C for 2 hours to investigate devitrification behavior of the 
glass. The sample held 24 hours at the melt temperature remained transparent green with no visible change, while 
the sample held at 1200°C became almost colorless with substantial pink-white opacity throughout. Both sample3 
were gached as described above; observed leach rates were the same as those for the DSSF sample melted at 1300°C 
for 2 hours (reported in Fig. 2). 
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DSSF ' Z .  

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 

DI Leach Rate (g glass/m 2, 

Figure 2. Leach Resistance of NAC Glasses Compared to Reference HLW Glasses 

DISCUSSION 

The primary purpose of the melting tests was to determine the feasibility of vitrifying the NAC product residue 
fiom high-nitrate waste streams, such as Hanford tank waste and the Melton Valley tank waste at Oak Ridge. Data 
fiom the melting tests were to be used to assess potential impacts of incorporating the NAC process into a 
vitrification plant for these wastes. 

Results of this work demonstrate that the NAC product can be incorporated into glass at reasonably high waste 
loadings. For the high-nitrate wastes investigated in this work, the waste loading is limited by the high alumina 
content of the NAC product. Melt formulations with up to 35 wt?h alumina formed a homogeneous, vitreous 
product. Viscosity and electrical conductivity for these compositions are acceptable for processing in a typical 
joule-heated melter. The melts also showed very good durability relative to other waste glasses. The formulations 
reported in Table III appear to be near the upper limit of alumina content for forming a transparent glass. Increasing 
the alumina content of the melts promoted opacification of the glass, an indication of phase separation or the 
formation of crystallinity. Opaque melts having acceptable viscosity and good durability were made with up to 41 
wt% alumina. 

The observed behavior of these high alumina glass compositions seems to show that minor variations in 
composition or temperature can result in the formation of an opaque phase in the normally transparent glass. A 
decrease in melt temperature of 100°C led to the formation of an opaque phase; nevertheless, the presence ofthe , 

opaque phase did not affect durability. The results also indicate that the opaque phase observed was unchanged in 
compojtion relative to the transparent glass within the limits of SEM and XRF for detecting compositional * 
differences. If an opaque, glass ceramic product is an acceptable waste form, alumina content in excess of 40 wt% 
could be achieved. However, if a homogeneous glass product is required, an upper limit of about 35 wt% alumina 
appears to be the limit in this system. 

, Other glass systems io contain high amounts of alumina were also investigated. Large quantities of alumina (>45 
wt%) could be incorporated into the Al-B-Ca-Na-Si oxide system with homogeneous products. These glasses have 
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a processing temperature similar to that of the phosphate glasses and appear to be more resistant to 
devitrificatiodphase separation. A sample held at 1250°C was essentially free from crystallization after 2 hr, but 
the durability of these glasses is substantially less than that of the phosphate glasses. The leaching became 
progressively worse as the alumina content increased (with a corresponding decrease h the silica content). At 
comparable waste loadings, the leach rate measured by the modified TCLP was several times greaterthan that of the 
phosphate glasses. '- 

WL in Reference Glass (g waste oxideIl00g glass) 
WL in NAC Product (g waste oxide/lOOg NAC product) 
WL in NAC Glass (g waste oxide/lOOg NAC glass) 
Volume Increase Relative to Reference Glass (x Ref. Vol.) 

SYSTEMS ANALYSIS 

Hanford ORNL 
DSSF RI MVST-H MVST-L 

26.5 22.8 24.9 22.6 
35.7 26.5 20.0 19.6 
17.4 12.3 8.9 8.7 
1.52 1.86 2.80 2.60 

Incorporating the NAC process into the LLW vitrification process will affect many different systems; however, only 
major impacts resulting fiom changes in the volume of vitrified product due to the NAC process are considered 
here. Impacts on systems due to other factors are beyond the scope of this paper and must be considered separately. 
Table IV presents the calculated changes in waste loading and product volume based on the reference LLW glass and 
the NAC glasses developed in this work. The assumed baseline LLW vitrification process is based on direct 
vitrification of the nitrate waste stream into a high sodium glass. Calculations for the NAC glasses are based on the 
results of the melts presented in Table III. The densities of the reference and NAC glasses were assumed to be 

,. equal; measured density of the NAC glasses was found to be 2.50 g/cm3, close to typical densities for borosilicate 
- .  .-.- . ..: 

s i  

. waste glasses. 
'. I.. : .I .. . .  

Table IV. Calculated Changes in Waste Loading (WL) and Vitrified Product Volume Resulting fiom Incorporation 
of the NAC Process into LLW Vitrification ' 

Since the wastes are primarily sodium nitrite, maximum waste loading is achieved by maximizing the sodium 
content of the glass. The current reference LLW glass for Hanford contains 20 wr?? Na20. In the NAC process, 
reaction of aluminum metal with the nitrate in the waste produces large amounts of alumina (as hydrated alumina or 
sodium aluminate) and thereby lowers the waste oxide content to 20% to 35%. The level of waste loading in the 
NAC product is comparable to that expected for the reference glass; however, additional additives to the NAC 
product are required to produce a vitrified product, reducing the overall waste loading in the vithfied NAC product 
to a value substantially less than in the corresponding reference glass. Table IV shows an increase in the fmal waste 
volume to 1.5 to 2.8 times the reference glass volume. Such an increase will have significant effects on the 
vitrification systems. 

Increasing the volume of glass produced will, first of all, raise disposal costs for the vitrified waste. If disposal 
costs scale with the volume of glass produced, disposal costs would be 50% to almost 200% higher for the NAC 
glass. The increase in amount of glass produced will also affect the capital and/or operating costs. Processing the 
additional waste will require a larger or increased number of melters and/or longer campaigns if processing rates for 
the reference and NAC glass formulations are similar. Energy consumption will be increased, as will the amount of 
additives requirdd for glass formulation. Overall, the increase in waste volume resulting fiom the vitrification of the 
NAC wastes would be expected to have a strong negative impact on the costs of treating the nitrate wastes. 

A possibility may exist for reducing the negative'impact of the NAC process on LLW vitrification. The NAC 
proce2~ses  aluminum metal as a reductant, generating large quantities of alumina that lead to significantly lowered 
glass waste loadings. The NAC reaction is reported to be possible for other metals with a sufficiently negative half- 
cell potential. If the NAC reaction could be produced using silicon metal or a combination of silicon and 
aluminum, the product could potentially be vitrified directly without additives. The waste loading in such a 
sodium aluminosilicate glass would be comparable to the reference LLW glass. 

. 

2. 
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CONCLUSIONS 

These tests demonstrated the feasibility of vitrifying the residue fiom NAC processing of high sodium-nitrate 
wastes. Durable glasses which appear to be processable in typical melter systems can be produced. However, waste 
loadings for the vitrified NAC product will be significantly lower than for the reference LLW glasses, resulting in a 
substantial increase in volume of glass produced. This increase would be expected to have significant negative 
impacts on the overall treatment and disposal costs. These negative impacts could be reduced or eliminated if the 
NAC process could be made to operate with silicon metal as the reductant rather than aluminum. 
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