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ABSTRACT . . .
‘ ) ) The solubilities of sodium tetraborate shown as the total boron concentrations
Recen_t experimental studies have suggested that bgrate could potentially in NaCl and Na,SO, media are presented in Figure 1. Solubility data in NaCl
complex with .Nd(IH)’ an analog o z\quI) (Bf’rk(f“'sm et al, 2010). Thcrf:fore, media are produced in this study. Solubility data in Na,SO, media are from the
a c(»)mr-)rehe-nslve- the-rmodynamlc model mvolvlng Interactions of.borate with literature (Sborgi et al., 1924). It is clear from Figure 1 that the revised model
major ions in brines is needed to accurately describe the contributions of borate s . - .
- X R ) . X presented in this study performs very well in a wide range of ionic strength. 0.85
to the solubility of Am(III) in brines in salt formations, as they contain . M . . . E T e, e g e
o ’ . . . . In Figure 2, solubilities of sodium tetraborate in mixtures of NaCl + Na,SO, 0.60 4 4 ’ ;
significant concentrations of borate. In WIPP brines, sodium concentrations K . . ) i 1 antal daka in Na2S04 meda
. . . . . . media predicted by the revised model and by the Felmy and Weare (1986) model - E
are high. Therefore, the interactions of borate with sodium are important. In ble 1 A with ind P L Al data £ be li E pss £ i Mol madiom madel of
this study, solubility experiments on sodium tetraborate (Na,B,0,*10H,0, borax) (Ta ¢ ) are compared wit m‘ cpendent exp H{mcnt ata trom the lterature up . 0.50 _Lé' NaZ5 0
are conducted in NaCl solutions up to 5.0 m at room temperature (22.5 & to lonlc.strcngths of 8.0 m, which are not uS'Cd n YTdeCI development. .Thc , g B
1.5°C). In combination with solubility data for sodium tetraborate in Na,SO, comparison demonstrates that there is a significant improvement associated with 5 0451 A
solutions from the literature, the solubility constant (log K) for sodium the current model (Table 2) in predicting the solubilities of sodium tetraborate. @ 0.40 4V A s ey
tetraborate regarding the following reacﬁ;)n’ The validation test indicates that the differences between solubilities predicted by 5 035 £
the current model and experimental solubilities are less than 0.05 m with an error E -
Na,B,0,210H,0 = 2Na* + 4B(OH), + 2H* + H,O ()) less than 30%. In comparison, the differences between solubilities predicted by the "g Dt
Felmy and Weare model and experimental solubilities are generally higher than 0.05 g 0.25 ¢
is determined as —24.88 £ 0.10 °C based on the Pitzer model. In addition, the m, and can be as high as 0.17 m with an error up to 150%. > 0.20 £
lambda parameter (AnapOH)4ag), Na) fOT the interaction between NaB(OH),(aq) B o015+
and Na* is evaluated as 0.09192. It is also discovered that it is necessary to Table 1. Felmy and Weare (1986) model for the Na—B(OH);—CI-SO, system =
revise Oporn4, sos Of the Felmy and Weare (1986) model and include Pitzer Binary Interaction Cofficients @ 0.10 t t + t + +
WB405(0H)4, 504, Na i Order to accurately model the solubility of sodium Species, i Species, j [3(0) [3(1) c? o 1 2 3 4 5 6 7
tetraborate in a Na,SO, medium. The revised Opomya, so4 is 0.1697 in Na* B(OH)4~ -0.0427 0.089 0.0114 lonic Strength of Supporting Electrolyte on Molality Scale
comparison with the value of —0.012 in the Felmy and Weare (1986) model. Na* B303(0H),~ —0.056 —0.910 (Mpaci OF 3 Myazsos)
Na" B4Os(OH),” | -0.11 —0.40
. Pitzer Mixing Parameters and Interaction Parameters Involving Neutral Species
E 1 Method
Xperimenta, ethods Species, i Species, j Species, k 0jj or Ajj Wijk or Cijk
In our solubility experiments, about 5 grams of the solubility controlling material— B(OH)‘( ClI” Na* —0.065 —0.0073 Figure 1. Solubility of sodium tetraborate as a function of ionic strength in NaCl and Na,SO,
sudilum tct;aboiatc fromfFishcr Sc%cntiﬁf was \vc{ghcd out aAnd placcd imollSU (H;L pl;]s]tic B(OH),~ 504’2 —0.012 media.
bottl les. Then, 100 mL o suppomn.g solutions W’e‘re added into those bottles. Once il ed, B3O3(OH), cr Na* 012 —0.024
the lids of the bottles were sealed with parafilm. The supporting electrolytes are a seties of B Y — 1
NaCl solutions. Undersaturation experiments are conducted at the laboratory room 303(0 )4_2 80_4 5 0.10
temperature (22.5 + 1.5 °C) B40s(OH)4 5 Cl , Na 0.074 0.026
B4Os(OH),™ S04 0.12 0.25 T z 160
Boron and sodium concentrations of solutions were analyzed with a Perkin Elmer B(OH)s(aq) ClI” 0.091 s F ' Difference in molality, model developed in this study 1430
dual-view inductively coupled plasma-atomic emission spectrometer (ICP-AES) (Perkin B(OH)3(aq) SO[Z Na" 0.018 0.046 E_. s Difference in malality, Felmy & Weare {1986) model
Elmg DV 3300). Calibmtion bln.nks and sm.ndar.ds were prg:ciscly matched with experimental B(OH)3(aq) BgOg(OH)4_ 0.20 g - E ~ Difference in %, model developed in this study T 110
matrices. The correlation coefficients of calibration curves in all measurements were better - - g r . .
s o e B o e B(OH) (aq) Na —0.097 £ j: Difference in %, Felmy & Weare (1886) model |+ 90
than 0.9995. The analytical precision is better than 1.00% in terms of the relative standard ARJEIL _ _ i 0151
deviation (RSD) based on replicate analyses. Equilibrium Constant for Solubility Reaction ﬂ;’i} F & o 170
Reaction [ log K B o4 f v S | I
Acknowledgements NaB407°10H,0 = 2Na* + 4B(OH),” + 2H" + H,O | —24.49 E s = =
Sandia is a multiprogram laboratory operated by Sandia Corporation, a wholly owned % 0.05 + A
Lockheed Martin Corporation, for the United States Department of Energy’s . i T O F giry Fay T 10
National Nuclear Security Administration under contract DE-AC04-94AL85000. Table 2. The revised thermodynamic model for the Na—B(OH)S—CI—SOA system & L P I T
This research is funded by the Department of Energy Waste Isolation Pilot Plant (WIPP) developed in this study. Unless otherwise noted, other parameters, which are not listed, H 0t
programs. are the same as those in Felmy and Weare (1986) model. 9 s T-30
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