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THE SOLUBILITIES OF SIGNIFICANT ORGANIC COMPOUNDS 
IN HLW TANK SUPERNATE SOLUTIONS - FY1996 PROGRESS REPORT 

G. S. Barney 

ABSTRACT 

The solubilities of two sodium salts of organic acids that we thought to exist in high-level 

waste at the Hanford Site were measured in tank supernate simulant solutions during FYI996 

f i is  solubility information will be used to determine if these organic salts could exist in solid 

phases (saltcake or sldges) in the waste where they might react violently with the nitrate or nitrite 

salts present in the kmh. Solubilities of sodium bupate and trisodium 

N - ( 2 - h y & o ~ t h y . ! ) e ~ l e n e d i ~ i n e r r i a  were measured in simulated wmte supernate 

solutions at 25 “c, 30 “c, 40 “c, and50 T. The organic cotnpou& were selected because they 

are expected to exist in relatively high concentrations in the tanks. Two types of tank supernate 

simulants were used - a 4.0 Msodium nitrate - 0.97Mswbum nitrite solution with sodium 

hydroxide concentrations rangingfom 0.00003 M to 2.0 Manda 2.0 Msodium nitrite solution 

saturated with crystalline sodium nitrate with sodium hydroxide concentrations rangingfom 0. I 

M to 2.0 M The solubilities of sodium butyrate and trisodium N-(2-woqethy.!)ethy1enehylene- 

diaminetriacetate in both types of HLW tank supernate solutions were high over the temperature 

andsodium hymoxide concentration ranges eipected in the d. The solubilities of these 

compoundr are simiku (in terms of total organic carbon) to sodium glycolate. succinate, 

caprate, dibuty@hqhaie, citrate, f m a t e .  ethylenediaminetetraacetate, andnitrilotriacetate 

which were measuredpreviously. High solubilities will prevent solid sodium salts of these 

organic acids f o m  precipitatingfom trmk supernate solutions. The total organic carbon 

concentrations (TOC) of actual tank supernates we  generally much lower than the TOC ranges 

for ihe simulated supernate solutions saiurated (at the solubility Iimii) with the organic salts. This 
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is true even ifaII the dissohwd carbon in a given kmk supernate is due to only one of these eight 

soluble compounds (an unlikely sitmiion). Solubilities of aI1 the organic salts decrease with 

increasing sodium hydroxide and d u m  nitrate concentration b e m e  of the common ion eflecr 

ofNai. Increasing temperatures has Iittle efect on the SOlubiIities ofsodum bufyrae and 

trisodium N-(2-&&oqethy~ethyIenediaminetriacetate. 

iii 
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THE SOLUBILITIES OF SIGNIFICANT ORGANIC COMPOUNDS 
IN ELW TANK SUPERNATE SOLUTIONS - FY1996 PROGRESS REPORT 

G. S. Barney 

1.0 INTRODUCTION 

This report is a summary of work completed in FY1996 on the measurement of solubilities 
of organic compounds found in high-level waste (HLW) supernate solutions at Hanford. Earlier 
reports (Barney 1994 and 1995) presented the solubilities of nine sodium salts of organic acids 
that are known to exist in the wastes [sodium oxalate, formate, citrate, 
ethylenediaminetetraacetate (EDTA), nitrilotriacetate (NTA), glycolate, succinate, caproate, and 
dibutyl phosphate]. Solubilities of aluminum oxalate and iron and aluminum dibutyl phosphate 
compounds were also measured in simulated supernate solutions. The present document reports 
laboratory solubility measurements for additional compounds known or thought to exist in the 
wastes. These compounds are sodium butyrate and trisodium N-(2-hydroxyethyl)ethyIene- 
diaminetriacetate (HEDTA). Solubility measurements for additional cornpounds (sodium acetate, 
laurate, palmitate, and iminodiacetate) are in various stages of completion and will be documented 
later. Additional solubility measurements in simulated supernate solutions that are saturated 
with sodium nitrate (in addition to being saturated with the organic salt) are being completed for 
all these compounds. 

The overall objective for these solubility measurements is to obtain solubility data that will 
allow prediction of whether or not significant quantities of organics exist as solids in the HLW 
tanks. Knowledge of which phase (liquid or solid) the organic compounds are in is important to 
safety analyses of the waste tanks and also to operations where the phases are separated (salt 
well pumping, evaporation-crystallization, etc.). These data will also allow better estimates of 
how organic compounds in the wastes were distributed to different tanks after transfer 
operations. 

The safety concern for tanks containing high concentrations of organic compounds is that the 
organics might react violently with nitrate or nitrite salts, which are also present in the tanks, to 
produce heat and pressure from gaseous reaction products. The organic compounds and 
oxidizing salts must be present mainly in a solid form and the organic compounds must be 
present in a minimum concentration for a hazardous, self-propagating reaction to occur. The 
preliminary safety criteria (Webb et al. 1995) indicate that any waste organic-nitritdnitrate 
mixture containing water concentrations greater than 200? by weight is safe and will not 
propagate. At or below this water concentration, the organic compounds in the waste must be 
present mainly as solids at the minimum total organic carbon (TOC) concentration range (4.5% to 
7.9% by weight, depending on water content) that allows propagating reactions. The solubilities 
of the organic compounds in the waste supernate solutions must therefore be exceeded to have a 
propagating mixture present in the waste. Ifthe organic solubilities are known and are compared 
with concentrations found in the waste supernate solutions, the presence of solid organic 
compounds can be predicted. 

1 
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hior measurements of the solubilities of sodium salts of formic acid, citric acid, EDTA, 
NTA, glycolic acid, succinic acid, caproic acid, and dibutyl phosphoric acid (Barney 1994 and 
1995) show that they are quite soluble in simulated supernate solutions. Their solubilities are 
much higher than any known TOC measurements of actual waste tank supernate solutions. This 
observation leads to the conclusion that none of these salts exist as solids in the tanks and that 
they will not form a propagating mixture. This, of course, assumes that the tank supemates 
analyzed are in equilibrium with the solid waste mixtures. Sodium oxalate solubilities were found 
to be relatively low and this compound could precipitate from some tank supernate solutions. 
The energy content of sodium oxalate is small, however. 

Analyses of the organic components of several high-level wastes from different W o r d  Site 
tanks have identified significant compounds. Campbell et al. (1994,1995) analyzed core 
segments from tanks 241-SY-101 and 241-SY-103 and found the major organic components to be 
salts of chelating agents and low molecular weight carboxylic acids. The major chelating 
compounds were EDTA, NTA, citric acid, iminodiacetic acid (IDA), succinic acid, and 
ethylenediaminetriacetic acid (ED3A). The major low molecular weight carboxylic acids were 
oxalic, formic, glycolic, and acetic acids. Toste et al. (1988) identified organic compounds in a 
neutralized cladding removal waste (NCRW) and a double-shell sluny waste (DSS). They found 
citric acid, EDTA, tributyl phosphate, long chain hydrocarbons, and long chain carboxylic acids 
to be the major compounds present. Work at Georgia Institute of Technology (Ashby et al. 
1994) and the Pacific Northwest National Laboratory (Camaioni et al. 1995) on waste tank 
simulants and actual wastes suggest that complexants in the tank wastes degrade by carbon- 
nitrogen bond scission followed by oxidation of the reactive intermediates to carboxylic acids. 
Ultimately, oxalate, formate and carbonate are produced. 

HEDTA has been identified in Tank 241-SY-103 waste by Campbell et al.(1995) even 
though it has been shown to slowly react under conditions expected in tank supernate solutions 
to form ethylenediaminetriacetate and oxalate (Delegard 1987). The sodium salt of butyric acid 
has not been identified in wastes, but is a possible oxidation product of tributyl phosphate which 
was added to the tanks in large quantities. Another possible source of butyrate is from 
degradation of the normal para& hydrocarbon (NPH) solvent used in the PUREX Process 
(Babad et al. 1993). The solubilities of these compounds were measured in simulated HLW 
supernate solutions containing sodium nitrate, sodium nitrite, and sodium hydroxide, which are 
major components of the HLW. Two simulant solutions were used: (1) a solution with initial 
concentrations of 4.0 M sodium nitrate, 0.97 M sodium nitrite, and sodium hydroxide 
concentrations ranging from 0.00003 M to 2.0 M, and (2) a 2.0 M sodium nitrite solution 
saturated with crystalline sodium nitrate and sodium hydroxide concentrations ranging form 0.1 
M to 2.0 M. Temperatures during solubility measurements were controlled to f 0.1 OC over the 
range of 25 OC to 50 OC. These values approximate conditions expected in the tanks so that the 
solubility data can be used to estimate solubilities in the actual wastes. 

The solubilities of the sodium salts of butyric acid and HEDTA in sodium hydroxide 
solutions and in pure water, respectively, have been reported. These solubility data were used as 
starting points for designing the solubility measurements. The available literature data are 
summarized in Table 1-1. According to Bury and Owens (1935), the solid phases of sodium 

2 
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Table 1-1. Solubilities of organic sodium salts found in the literature. 
Solution 

Comvound Formula Compound Name Composition Observations Refaams  
NaC4H702 sodium Butyrate Sodium Solubiity at 25 "C ranges Buty and Owens, 

Hydroxide from about 10.4 M in 3.7 M 1935 
Solution NaOH to 0.1 M in 10 M 

W H  
Na3CloHlfl2Op Trisodium Water SoIubiIity at 25 OC 1-t 41 % Vecseref literatun: 
w20 N+-Hydro~y- by weight (about 1.6 M) 

ethylenediamine 
triacetate 

butyrate in these. solubility experiments are likely either CH3CH2CH2COONa*H20 or 
CH3CH2CH2COONa*CH3CH2CH2COOH. 

20EXPElUMENTAL 

2.1 Materials And Equipment 

All starting chemicals used in these. measurements were reagent grade. All solutions were 
prepared using purified, deionized water. Mixtures of solid sodium salts of the organic acids and 
solutions of sodium nitrate, sodium nitrite, and sodium hydroxide were continuously equilibrated 
in a water shaker bath (Precision Scientific Model 50) with a constant temperature accuracy of? 
0.1 OC. The mixtures were contained in 50 mL polypropylene centrifuge tubes with screw caps 
so that an airtight seal could be maintained during equilibrium. Mechanical shaking of the 
mixtures shortened the equilibration times. Initially, the solutions were either saturated with 
crystalline sodium nitrate or the concentration of sodium nitrate was adjusted to 4.0 M and the 
initial sodium nitrite concentration was either 2.0 M or 0.97 M. Initial sodium hydroxide 
concentrations varied from 0.0003 M to 2.0 M. 

2.2 Analyses 

Measurements of concentrations of sodium salts of nitrate and nitrite were performed using 
liquid chromatography. A Dionex** Model DX-500 liquid chromatograph with a conductivity 
detector was used for these analyses. Standard solutions for calibration of the chromatograph 
were prepared from reagent sodium nitrate and sodium nitrite chemicals dried at 110 OC. 
Standards were run before and after each set of analyses. The observed errors in the analyses of 
the standards were generally less than 5% relative error. 

Sodium HEDTA and butyrate concentrations were determined by measuring the dissolved 
TOC using a Dohrmann DC-180 total organic carbon analyzer (Dohrmann, Santa Clara, 
California). This analyzer was used in the NPOC or non-purgeable organic carbon mode in which 

* Versene is a registered trademark of the Dow Chemical Company, Midland, Michigan 
**Dionex is a registered trademark of Dionex Corporation, Sunnyvale California. 

3 
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inorganic carbon was removed from solution by adding acid and the resulting solution was 
sparged with oxygen gas before analysis of the organic. The HEDTA and butyrate TOC was 
analyzed by oxidizing it to carbon dioxide and then measuring the amount of carbon dioxide 
produced. Standard solutions of HEDTA were prepared from recrystallized N42- 
hydroxyethy1)ethylendiaminetriacetic acid. Standard solutions of butyric acid were prepared 
from the reagent grade acid. The instrument was calibrated with these solutions. Each calibration 
standard and sample was analyzed four times and the relative standard deviations ranged from 
about 4 YO at 4 ppmC to 1 % at 56 ppmC. 

2.3 Methods 

Solubilities were determined by measuring concentrations of organics in the aqueous phase of 
simulated HLW waste mixtures equilibrated at a constant temperature. Solubilities were 
measured at 25 OC, 30 OC, 40 OC, and 50 O C .  The sodium salt of the organic compound being 
tested was always present as a crystalline solid during the measurements to ensure saturation of 
the aqueous solution. For measurements using simulated supernate solutions saturated with 
sodium nitrate, crystalline sodium nitrate was also always present. The procedure used for 
conducting the solubility measurements addressed the following four requirements for solubility 
determination: 

1. The temperature of the equilibrating mixtures must be maintained at a constant 

2. The attainment of equilibrium in the mixtures before sampling the phases must 

3. Sampling the liquid and solid phases must be accomplished without affecting 

4. The liquid and solid phases must be analyzed to determine their composition 

value. 

be proven. 

the composition of the phases. 

and the crystalline identity of the solids. 

To determine whether equilibrium had been reached at a given temperature, equilibrium was 
approached from undersaturation and supersaturation. Also, changes in organic concentrations in 
the aqueous phases were monitored over time. Solubility equilibrium was achieved if the organic 
concentrations remained constant over time and the solubilities from undersaturation and 
supersaturation were the same. Measurements from undersaturation were performed by 
equilibrating mixtures at the lowest temperature (25 "C), measuring organic concentrations over 
time, and then repeating the equilibration at increasing temperature steps of 30 OC, 40 OC, and 50 
"C. Equilibration from supersaturated solutions was accomplished by heating the mixtures at 60 
OC for two days, cooling and equilibrating at 50 OC, and then repeating the equilibrations at 
decreasing temperature steps of 40 OC, 30 OC, and 25 OC. 

Required equilibration times were determined by sampling a given solution periodically until 
a constant concentration of dissolved organic was observed. Samples of the equilibrated mixtures 
were removed from the centrifuge tubes and placed in 5-mL syringes fitted with syringe filters 
(0.45 pn, polytetrafluoroethylene). The syringe, filter, and a vial used to receive the filtrate were 
pre-equilibrated at the sample temperature to prevent crystallization or dissolution during 
filtration. Approximately 2 mLs of the mixture were filtered through the syringe filter. Exactly 

4 
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1.000 mL of the filtrate was diluted with 10.00 mLs of deionized water to prevent 
crystallization. These diluted samples were then analyzed by ion chromatography or by TOC 
analysis. 

To simplify the analyses of the liquid and solid phases, only one organic compound was 
used in each mixture. This prevented interferences and eliminated the need for separations before 
analysis. 

3.0 RESULTS AND DISCUSSION 

3.1 Solution Densities 

The densities of solutions saturated with the organic salts were measured at 25 OC, 30 O C ,  40 
OC and 50 OC so that concentrations in molalities or weight percent could be calculated from the 
molar concentrations given in this study. Densities of sodium butyrate and irisodium HEDTA 
solutions were not measurably different over this temperature range. The solution densities are 
also an indication of the concentrations of the sodium salts in solution because the salts are more 
dense than water. Table 3-1 compares densities of the 4.0 M NaNO3 - 0.97 M NaN02 simulant 
solution with average densities of saturated solutions of organic salts over the temperature range 
studied. Densities of the sodium HEDTA saturated solutions are the highest and reflect the high 
solubility of this salt in the simulated supernate solutions. Densities of solutions saturated with 
sodium butyrate are not very different from the simulant solution even though the solubilities are 
quite high. This is probably due to a lower density of the sodium butyrate salt. 

Table 3-1. Densities of the simulated supernate 
solutions and supernate solutions saturated with 
organic salts at 25 O C  to 50 OC. 

Densities of saturated Solutions 
Initial at 25 "C, e/mL 
pla0M.M Simulant Butyrate HEDTA 
0.00003 1.250 1.254 1.360 
0.001 1.255 1.249 1.360 
0.01 1.244 1.252 1.359 
0.1 1.253 1.255 1.349 
0.5 1.258 1.260 1.357 
1.0 1.286 1.278 1.344 
2.0 1.320 1.305 1.366 

Solution densities were also measured for supernates saturated with both the organic salts 
and crystalline sodium nitrate at 25 "C, 30 OC, 40 "C and 50 "C over a range of initial sodium 
hydroxide concentrations (0.1 M to 2. 0 M). These data are plotted in Figures 3-1 to 3-4 for 
each of the organic salts studied. Some of these densities approach 1.5 g/mL due to the 
dissolution of additional sodium nitrate compared to the simulated supernates not saturated with 
this salt. Higher densities of these solutions at the higher temperatures reflect the increasing 
solubility of crystalline sodium nitrate. Detailed density data are given in Appendix B. 

5 
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Figure 3-1. Densities of shdated supernate solutions saturated with crystalline NaNO3 and crystalline sodium 
HEDTA (A), glycolate (B), formate (C), and EDTA (D) at 25 OC, 30 "C, 40 "C, and 50 O C  for various initial 
sodium hydroxide coflceflFdtions. 
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Figure 3-2. Densities of simuhkd supernate solutions sahuated with crystalline NaNO3 and crystalline sodium 
citrate (A), caproate (B), butyrate (C), and acetate @) at 25 O C ,  30 'c, 40 "C, and 50 'C for variow initial sodium 
hydroxide concentrations. 
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Figure 3-3. Densities of simulated supemate solutions satutated with C I y E l d h  N a O 3  and CIyStalline sodium 
palmirate (A), oxalate, (B), h t e  (C), and NTA (D) a! 25 "C, 30 "C, 40 "C, and 50 'C for various initial sodium 
hydroxide c o d  Om. 
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I lnltial [NaOH], M 

Figure 3-4. Densities of sinnrlated supernate solutions sahuated with crystalline NaNO3 and crystalline sodium 
succinate at 25 "C, 30 "C, 40 "C, aod 50 'C for various initial sodium hydroxide concentratiom. 

3.2 Evidence For Equilibrium 

Evidence for attainment of dissolution/crystallization equilibrium was obtained at 
each of the four temperatures studied. As described in the Methods section, solubilities 
were measured from undersaturation and supersaturation. The temperature was held 
constant over a period of time to allow equilibration. Because the time required for 
equilibration was unknown, samples of the aqueous phases were taken periodically to 
monitor changes in organic concentrations. Average concentdons of butyrate and 
HEDTA over all the seven initial sodium hydroxide concentrations at 25 OC, 30 OC, 40 
OC, and 50 O C  are shown in Table 3-2 so that an overall trend of dissolution or 
crystallization could be observed. . 

The data from undersaturation measurements clearly show that butyrate and HEDTA 
concentrations were constant over the 2lday period and that equilibrium was reached during this 
time. From supersaturation, equilibrium was also attained rapidly for these compounds. The 
equilibrium solubility values reported here for butyrate and HEDTA are averages of those 
obtained from supersaturation and undersaturation. 
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Equilibration 
Time, Dws A v e w  IButyraW, M 
From 
U- 'on 25OC 3OoC 4OoC 50°C 
7 3.56 3.66 3.59 3.55 
14 3.62 3.67 3.63 3.50 
21 3.65 3.63 3.51 3.50 

From 
Supersaturation 
7 m m m m 
14 m m m m 
21 m m m m 

Avmm IHEDTA1. M 

25 'C 30°C 40°C 50°C , 

1.63 1.73 1.74 1.73 
1.77 1.76 1.74 1.74 
1.78 1.78 1.74 1.73 

1.62 1.58 1.68 1.69 
1.76 1.64 1.70 1.62 
1.73 1.57 1.69 1.73 

3.3 Solution Volume Increases 

Because of their high solubilities, dissolution of sodium butyrate and HEDTA in the 
simulant solutions resulted in significant volume increases in these solutions. This volume 
increase caused a corresponding dilution of the initial concentrations of sodium nitrate, nitrite, 
and hydroxide. The volume increases shown in Table 3-3 (for sodium hydroxide concentrations 
less than 0.1 were calculated from the change in concentration of nitrate after dissolution of 
the organics, according to the equation, 

% Volume Increase = lOO(1 - Final Nitrate Concentratiofitial Nitrate Concentration). 

Table 3-3. Volume increases due to dissolution of organic salts. 
%Volume Innease 

0rP;anic salt 50°C 4OoC 30'C 25 'C 

HEDTA 
52 51 44 42 
14 16 16 18 

Butyrate 

3.4 Sodium Butyrate Solubility 

Sodium butyrate is very soluble in simulated HLW Supernate solutions. At low sodium 
hydroxide concentrations, butyrate solubilities as high as 4.0 M were observed. The temperature 
effect on solubility was relatively small compared to the other compounds studied thus far. No 
clear trend in the effect of temperature on butyrate solubility was observed. Figure 3-5A shows 
that the solubility decreased as sodium hydroxide concentration increased, probably because of 
the common ion effect of Na+. Literature data (Bury and Owens 1935) show a strong effect of 
sodium hydroxide on sodium butyrate solubility. At about 5 M NaOH (total sodium in the 
current test solutions, excluding that sodium from sodium butyrate, is about 5 h4) these data 
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[NaOH], M 
IO* l o 4  IO* IO= IO-' 10' 

Fipre 3-5. Solubility of sodium butyrate in NaNO3 - NaN@ solutions at 25 "C, 30 "C, 40 'C, and 50 'C for 
various sodium hydroxide co~lcentdons (A), and measured sodium mtrate concentrations in the same solutions 
@). 
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Figure 3-6. Measured sodium nitrite concentrations in solutions where the solubility of sodium butymte was 
determined in NaNO3 - NaN02 solutions at 25 'C, 30 OC, 40 'C, and 50 OC and sodium hyhxide concentrations 
varied 

predict a solubility of about 5 M sodium butyrate. This is in rough agreement with the data 
presented in this document. 

The effect of diluting the original simulant solution by sodium butyrate dissolution can be 
seen in Figures 3-5B and 3-6. The original nitrate and nitrite concentrations (4.0 M and 0.97 
respectively) have been diluted by 42 to 52%. At higher hydroxide concentrations, nitrate and 
nitrite concentrations increase due to the decreasing solubility of the butyrate. Detailed solubility 
measurement data for the organic salts reported in this document are given in Appendix A. 
Sodium butyrate apparently forms a crystalline hydrate, CH3CH2CH2COONa*H20, and an 
acid adduct, CH3CH2CH2COONa-CH3CH2CH2COOH in equilibrium with the simulated 
waste solutions. 

Sodium butyrate solubilities in supernate simulants that are saturated with crystalline 
sodium nitrate are lower than those given above, as expected due to higher concentrations of the 
common ion, sodium . Figure 3-7 shows solubilities ranging from about 2.2 to 3.4 M sodium 
butyrate, which is about a half molar less than for solutions not fully saturated with sodium 
nitrate. The butyrate solubility actually decreases with increasing temperature because more 
sodium nitrate dissolves in the solutions at higher temperatures. 
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[NaOH], M 

0.1 1 
[NaOH], M 

Figure 3-7. Solubility of sodium butyrate in NaNO3 - NaN02 solutions saturated with crystalline NaNO3 at 25 
'C, 30 "C, 40 'T, and 50 OC for various sodium hydroxide concentrations (A), and measured sodium nitrate 
concentrations in the same solutions (B). 
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0.1 1 
[NaOH], M 

Figure 3-8. Measured sodium nitrite concentrations in solutions where the solubility of sodium butyrate was 
determined. These solutions were saturated with crystalline NaNO3 at 25 "C, 30 "C, 40 "C, and 50 OC,  the initial 
sodium Ntrite concentmtion was 2.0 M, and initial sodium hydroxide coucemations varied from 0.1 M to 2.0 M. 

3.5 Trisodium HEDTA Solubility 

Sodium HEDTA was also quite soluble in the simulated HLW supernate solutions. At low 
sodium hydroxide concentrations, E D T A  solubilities as high as 1.8 M were observed. 
Solubilities did not measurably change as the temperature was raised, and the small temperature 
effect on solubility was observed over all the sodium hydroxide concentrations studied. 
Solubilities were lowered significantly by increasing the sodium hydroxide concentration, as 
shown in Figure 3-9A. This is due to the common ion effect of Na+ and the effects of high ionic 
strength in the simulant solutions. The 41 % (by mass) solubility at 25 'C reported by The Dow 
Chemical Versene literature (about 1.6 M) in pure water is reasonably near the solubilities 
measured here in supernate solutions (about 1.5 to 1.8 M). The effect of diluting the simulant by 
sodium EDTA dissolution on nitrate and nitrite concentrations can be seen in Figures 3-9B and 3- 
10. The original nitrate and nitrite concentrations (4.0 M and 0.97 M, respectively) have been 
diluted by 14% to 18%. At higher hydroxide concentrations, nitrate and nitrite concentrations 
increase due to the decreasing solubility of the EDTA. The likely crystalline phase for the 
trisodium HEDTA in the present equilibrium solubility mixtures is the dihydrate, 
(HOCH2CH2)(NaOOCCH2)NCH2CH2N(CH2COONa)2*2H20. 
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1 o4 l o 4  10" IO-' 10' 
[NaOH], M 

l o 4  l o 4  l o "  10" 10' 
[NaOH], M 

Figure 3-9. Solubilily of sodium HEDTA in NaNO3 - N a N e  solulions at 25 "C, 30 "C. 40 'C. and 50 OC for 
various sodium hydroxide concentrations (A), and measured sodium nitrate collcentrations in the same solutions 
(B). 
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l o4  lo" lo4  lo-' 1 oa 
[NaOH], M 

Figure 3-10. Measured sodium nitrite coocenhations in solutions used above for sodium HEDTA solubility 
measurements at 25 OC, 30 "C, 40 'C, and 50 O C  and for various sodium hydroxide concenhations. 

Sodium HEDTA solubilities in supernate simulants that were saturated with crystalline 
sodium nitrate were lower than those given above, as expected due to higher concentrations of the 
common ion, sodium. Figure 3-llA shows solubilities ranging from about 1.09 to 1.19 M 
sodium HEDTA, which is about a half molar less than for solutions not fully saturated with 
sodium nitrate. The HEDTA solubilities are not measurably different over the temperature range 
studied (25 OC to 50 "C) with increasing temperature even though more sodium nitrate dissolves 
in the solutions at higher temperatures (Figure 3-1 1B). 
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0.1 1 
[NaOH], M 

[NaOH], M 

Figure 3-11. Solubility of sodium HFDTA in NaNO3 - NaN@ solutiom saturated with crystalline NaNO3 at 25 
OC, 30 'C, 40 OC, and 50 O C  for various sodium hydroxide concenhations (A), and measured sodium nitrate 
concentrations in the s a m  solutions (B). 
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O 5OoC - - -  

0.1 1 
[NaOH], M 

Figure 3-12. Measured sodium nilrite concentrations in solutions where the solubiliry of sodium HEDTA was 
determined. These solutions were saturated with crystallioe NaNO3 at 25 "C, 30 "C, 40 "C, and 50 OC, the initial 
sodium Nhite concentration was 2.0 M, and initial sodim hydroxide concentrations varied from 0.1 M to 2.0 M. 

3.9 HLW Tank Total Organic Carbon Values 

The solubility data presented above can be used to determine if solid sodium salts of organic 
compounds can exist in the HLW tanks at the Hanford Site. If concentrations of these salts 
measured in the supernate solutions are near the solubility limits measured in this study, then 
solid organic salts can be presumed to be present in the waste (assuming, of course, that the 
supernate is in equilibrium with the salts). Ideally, concentrations of the individual salts in actual 
supernate solutions should be obtained. Unfortunately, only TOC concentrations have been 
measured in supernate solutions for most of the waste tanks. The TOC values in grams of 
organic carbon per liter of solution have been collected for supernate solutions in 61 HLW tanks 
at the Hanford Site. These include values from single-shell tanks (Van Vleet 1993a) and double- 
shell tanks (Van Vleet 1993b). The frequency distribution for these 61 values is shown in Figure 
3-13. The bulk of the TOC values are less than 14 g/L of organic carbon. For single-shell tanks, 
Toth et al. (1995) have calculated a mean value of 5.2 f 1.1 
confidence level) for the tank supernate solutions. This mean was calculated from analyses of 
143 samples from 78 different single-shell tanks. 

organic carbon (at the 95% 

Ifthe tank TOC values are compared with solubilities for the nine organic salts studied, only 
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Figure 3-13. Frequency distribution of total organic c e o n  (lDC) coOCCntratiOns measured in supernate solutions 
in 61 different M o d  Site HLW tanks. 

oxalate has a low enough solubility to be present as a solid in the tanks. This can be seen by 
comparing the TOC values in Table 34, which gives the ranges of measured solubilities of the 

Table 3-4. Comparison of measured organic sodium salt solubility ranges in units of 
molaritv and total organic carbon concentrations (TOC). 

Organic salt Solubility Range*, M TOC m e ,  gc/L Solubility Ran%*, M TOC Range, gC/L 
Glycolate 4.4 - 5.8 106 - 140 ND** ND 
Succioate 0.9 - 2.3 43 - 110 ND ND 
Capmate 0.2 - 1.7 14 - 122 ND ND 
Dibutyphosphate M.9 >86 ND ND 
oxalate 0.004 - ,015 0.1 - 0.36 ND ND 
Cimte 0.6 - 1.2 43 -86 ND ND 
Formate 6.8 - 9.8 82 - 118 ND ND 
WTA 0.7 - 1.4 84 - 168 ND ND 
NTA 1.3 - 1.7 94 - 122 ND ND 
Butyrate 2.6 - 4.0 125 - 192 2.2 - 3.5 106 - 168 
HEDTA 1.5 - 1.8 180 - 216 1.09 - 1.19 131 - 143 

Solutions not saturated with NaNOi Solutions saturated with NaNO3 

*Over all sodium hydroxide concentrations and temperatures. 
**ND = not determined. 

individual organic salts in terms of TOC, with the tank values. Even if all the dissolved organic 
carbon in the tank supernates is pure butyrate, glycolate, succinate, caproate, dibutyl phosphate, 
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citrate, formate, EDTA, HEDTA, or NTA, there is not enough in solution to reach saturation 
and precipitate these organics. 

4.0 CONCLUSIONS 

The solubilities of sodium butyrate and HEDTA in HLW tank supernate solutions measured 
in the present work are high over the temperature and sodium hydroxide concentration ranges 
expected in the tanks. The solubilities of these compounds are similar (in terms of TOC) to 
sodium citrate, formate, EDTA, NTA, glycolate, succinate, caproate, and dibutyl phosphate, 
which were previously reported (Barney 1994 and 1995). The high solubilities will prevent solid 
sodium salts of these ten organic acids from precipitating from tank supemate solutions. The 
TOC analyses of actual tank supernates are generally much lower than the TOC ranges for the 
simulated supemate solutions saturated (at the solubility limit) with the organic salts. This is 
true even if all the dissolved carbon in a given tank supernate is due to only one of the ten 
compounds (a very unlikely situation). Sodium caproate solubility at low temperatures and high 
hydroxide concentrations is below the TOC for several tanks, but is not expected to be present in 
high concentrations since it is only one of many possible degradation products of the normal 
paraffin hydrocarbon (NPH) solvent used in the PUREX process at W o r d  (Babad et al. 1993). 
This compound has not yet been identified in actual waste. Because these ten organic 
compounds are not likely to exist as solids in the saltcake or sludge layers of the tanks, but only 
as aqueous solutions, self-propagating reactions with nitrates or nitrites are unlikely. 

The low solubility of sodium oxalate (far below most measured tank supernate TOC values) 
will allow it to precipitate in some tanks with nitrate and nitrite salts. The energy content of 
oxalate is quite low and mixtures with sodium nitratdnitrite will not propagate Webb et al. 1994). 

5.0 FUTURE WORK 

Solubilities of additional organic compounds known to exist in the HLW tanks will be 
measured. These include three compounds that have been found in actual tank waste recently by 
Campbell et al., 1994 and 1995. They are sodium acetate and sodium iminodiacetate, 
NH(CHzCOONa)2. In addition to these compounds, solubility measurements are underway on 
the long-chain carboxylic acid salts, sodium laurate, CH3(CH2)loCOONa, and sodium palmitate, 
CH3(CH2)14COONa. These compounds are possible degradation products of NPH. 

Additional work remains to be done on determining whether or not organic complexes or 
compounds with metal ions can form and precipitate under waste conditions. Based on the 
observations described in the 1995 Progress &port (Barney, 1995) on aluminum oxalate, iron 
DBP, and aluminum DBP, organic complexes/compounds are not stable as long as significant 
concentrations of free hydroxide are present. Metal-organic complexes that have high stability, 
such as EDTA complexes with thorium, bismuth, or zirconium, will be examined to determine 
their stabilities and solubilities under tank supernate conditions. 
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The effects of dissolved organics in supernate solutions on the solubility of other organic 
compounds needs to be determined. It seems likely that the presence of organic sodium salts in 
solution will lower the solubility of other organic sodium salts because of the common ion effect 
of sodium. There will be other factors involved, however, that could influence organic salt 
solubility such as organic anion-anion interactions. Several pairs of organic salts will be studied 
including acetate-citrate and EDTA-NTA. 
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APPENDIXA 

SOLUBILITIES OF ORGANIC SALTS 
AND SOLUTION COMPOSITIONS 
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HEDTA Solubilities 
(Molar Concenb.ations) 

JNaOHJ pl EDTAJJO "C /HEDTA],40 "C [H EDTA], 30 "C [HEDTAJ, 25 O C  

0.001 1.748 1.753 1.769 1.772 
0.01 1.767 1.724 1.774 1 .I92 
0.1 1.742 1.720 1.679 1.739 
0.5 1.745 1.708 1.710 1.736 
1 1.643 1.619 1.602 1.669 

0.00003 1.756 1.798 1.740 1.744 

2 1.483 1.470 1.469 1.477 

PaNOjJ, 50 "C PaN031,40 "C flahW3J,30 OC ~ z ~ V O ~ J ,  25 OC 
0.00003 3.277 3.376 3.228 3.212 
0.001 3.529 3.375 3.371 3.279 
0.01 3.493 3.329 3.438 3.28 1 
0.1 3.436 3.284 3.364 3.399 
0.5 3.543 3.386 3.480 3.479 
1 3.609 3.406 3.600 3.600 
2 4.000 4.000 4.000 4.000 

PaN02], 50 "C /NaN02J, 40 OC PaN02J, 30 O C  /iVaNO2J, 25 OC 
0.00003 0.795 0.819 0.783 0.779 
0.001 0.856 0.819 0.817 0.795 
0.01 0.847 0.807 0.834 0.796 
0.1 0.833 0.796 0.816 0.824 
0.5 0.859 0.821 0.844 0.844 
1 0.875 0.826 0.873 0.873 
2 0.970 0.970 0.970 0.970 

PaOHJ, 50 O C  WaOHJ, 40 OC [NaOHJ, 30 "C PaOHJ, 25 'C 
0.00003 2.46E-05 2.07E-05 1.67E-05 1.34E-05 
0.001 8.82E-04 7.44E-04 6.27E-04 5.14E-04 . . . .- . . 

0.01 8.73E-03 7.27E-03 6.25E-03 5.12E-03 
0.1 8.59502 7.05E-02 5.93E-02 5.04502 
0.5 4.43601 3.75E-0 1 3.26E-01 2.84E-01 

2 2.OOE+OO 2.00EMO 2.OOE+OO 2.OOE+OO 
1 9.02E-01 7.68E-01 6.92E-01 6.22E-01 
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HEDTA Solubilities In Sahwated NaNO3 Solution 
W o h  Concentrations) 
Initial EQUILIBRIUM SOLUBILITIES 
/NaOH] [H EDTAjJO OC /H EDTAI,4OOC DTAI,30°C /HE DTAI, 25 "C 
0.1 1.167 1.146 1.170 1.187 
0.5 1.187 1.149 1.162 1.168 
1 1.159 1.153 1.165 1.170 
2 1.091 1.095 1.106 1.093 

flaN03], SO OC fl aN03],40 "C p aN03],30 OC fl aN03], 25 "C 
0.1 4.516 4.429 3.894 3.647 
0.5 4.509 4.343 3.785 3.566 
1 4.641 4.177 3.727 3.455 
2 4.155 4.053 3.536 3.295 

paN02] ,50oc  fl aN02], 40 OC /IV ah'02],30 O C  fl a 0 2 ] , 2 5  OC 
0.1 1.097 1.104 1.099 1.100 
0.5 1.084 1.077 1.075 1.083 
1 1.035 1.033 1.066 1.063 
2 0.996 1.015 1.030 1.028 

/IVaOH], 50 OC WaOH], 40 OC paOH], 30 OC maOH], 25 O C  

0.1 0.055 0.055 0.055 0.055 
0.5 0.281 0.279 0.278 0.281 
1 0.554 0.552 0.570 0.569 
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Buiyrate Solubilities 
(Molar Concentr@*ow) 

flaOHJ [B UT],SO OC [BUT],40 O C  [BUU, 30 OC /BUT], 25 "C 
0.00003 3.793 3.809 3.922 3.861 

Initial EQUILIBRIUM SOLUBILITIES 

0.001 
0.01 
0.1 
0.5 
1 
2 

3.799 
3.748 
3.720 
3.651 
3.202 
2.704 

3.945 
3.926 
3.859 
3.730 
3.257 
2.606 

3.988 
3.945 
3.970 
3.770 
3.314 
2.660 

3.779 
3.869 
3.887 
3.760 
3.359 
2.719 

paNO3], 50 OC f l  ah'03],40 OC f l  aN03],30 O C  paN03],25 "C 
0.00003 2.314 2.267 1.913 2.060 
0.001 2.263 2.217 1.917 1.980 
0.01 2.527 2.247 1.930 1,970 
0.1 2.290 2.203 1.960 1.843 
0.5 2.187 2.243 2.000 1.825 
1 2.537 2.503 2.240 2.000 
2 2.773 2.780 2.497 2.233 

flaN02], 50 O C  /N &02],40 "C /N aN02],30 OC /N aN02],25 "C 
0.00003 0.552 0.571 0.580 0.675 
0.001 
0.01 
0.1 
0.5 
1 
2 

0.522 
0.560 
0.546 
0.520 
0.610 
0.690 

0.553 
0.599 
0.579 
0.561 
0.633 
0.709 

0.586 
0.579 
0.588 
0.572 
0.646 
0.706 

0.621 
0.613 
0.589 
0.569 
0.635 
0.709 

/NaOH], 50 "C flaOH], 40 "C flaOH], 30 "C /NaOH], 25 OC 
0.00003 1.74E-05 1.7OE-05 1.44E-05 1.5%-05 
0.001 5.66E-04 5.54E-04 4.79E-04 4.95E-04 
0.01 6.32E-03 5.62E-03 4.83E-03 4.93E-03 
0.1 5.73E-02 5.51E-02 4.9OE-02 4.61E-02 
0.5 2.73E-01 2.8OE-01 2.50501 2.28E-01 
1 6.34E-01 6.26E-01 5.6OE-01 5.OOE-0 1 
2 1.39Ei-00 1.39E+OO 1.25Ei-00 l.l2E+OO 
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Initial EQUILJBRIUM SOLUBILITIES 
JNaOHJ JBUTJ,50 OC (BUT],40 OC [BUT], 30 OC [BUTJ, 25 OC 
0.1 3.113 3.213 3.366 3.450 
0.5 2.815 3.061 3.116 3.268 
1 2.601 2.830 3.013 3.012 
2 2.215 2.261 2.461 2.596 

/T?d03J, 50 "C d 0 3 J , 4 0  "C /T? d 0 3 ] , 3 0  "C /T?d03J, 25 OC 
0.1 3.538 2.916 2.652 2.401 
0.5 3.619 3.018 2.686 2.225 
1 3.929 3.258 2.183 2.484 
2 3.963 3.403 2.311 2.520 

(NahToJ, 5ooc p? d 0 2 J , 4 0  O C  /T? d O 2 J ,  30 OC /T?a02J, 25 OC 
0.1 1.115 1.201 1.216 1.264 
0.5 
1 
2 

1.163 
1.208 
1.145 

1.199 
1.223 
1.168 

1.269 
1.215 
1.204 

1.138 
1.243 
1.161 

/T?aOHJ, 50 OC /T?aOHJ, 40 "C PaOHJ, 30 OC PaOHJ, 25 "C 
0.1 0.059 0.060 0.064 0.064 

I y.5 
0.301 
0.646 

0.311 
0.654 

0.329 
0.682 

0.295 
0.665 
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APPENDIXB 

DENSITIES OF SIMULATED SUPERNATE 
SOLUTIONS SATURATED WFTH ORGANIC SALTS 

AND CRYSTALLJNE SODIUM NlTRATE 
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Organic Salt /IVaOHJ 25 30 40 50 
Acetate 0.1 1.355 1.353 1.362 1.390 

0.5 1.354 1.352 1.373 1.383 
1 1.357 1.354 1.370 1.391 
2 1.363 1.365 1.379 1.391 
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