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Summarv 

Use of sodium tetraphenylborate to precipitate cesium in the In- 
Tank Precipitation (ITP) process results in the potential for 
benzene formation. Using lesser amounts of the chemical reduces 
the potential for forming benzene. The resulting lower 
flammability risk increases the safety margin for operations. 
This report documents studies of the solubility of cesium, 
potassium, and sodium tetraphenylborate. Increased understanding 
of the solubility allows reduced usage. 

The solubility product constant (Ksp) of potassium 
tetraphenylborate (KTPB) determined in this task agrees with 
that observed in previous published studies. 

The solubility product constant of CsTPB has been determined, 
and agrees with the 1983 In-Tank Demonstration data. 

The solubility of CsTPB increases approximately 10-fold with a 
temperature rise from 25 to 65 OC. 

The solubility product constant of CsTPB determined in this task 
is approximately 10% of that observed in published studies, The 
discrepancy is due to differences in the K:Cs ratio. 

The ratio of potassium to cesium impacts the solubility of CsTPB 
in salt solutions. More research is needed to quantify the 
effect . 
At <1.5 M sodium ion concentration, the CsTPB precipitation 
reaction is complete in less than 24 hours for stoichiometric 
additions of TPB- at 25 'C. 

Above 1.5 M sodium ion concentration, the CsTPB precipitation 
reaction time can reach 160 hours at 25 OC. Addition of excess 
tetraphenylborate and higher temperature speeds the 
precipitation. 

Organics (i.e., phenol, benzene, phenylboric acid) do not impact 
the solubility of cesium in alkaline solutions with 
tetraphenylborate at the concentrations observed in ITP. 

If the activity coefficients are corrected for the variability 
in composition, the ratios of the anions (sulfate, nitrate, 
etc.) do not significantly impact the solubility of CsTPB in 
these solutions. 
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Introduct ion  

The ITP Process decontaminates radioactive waste in Tank 48H by 
precipitating cesium with sodium tetraphenylborate (NaTPB) and 
adsorbing radioactive strontium on MST. In addition to the 
cesium, all of the potassium in the solution precipitates with the 
TPB-. The solids are separated from the salt solution by crossflow 
filters. The design basis for removal of radioactive materials is 
to achieve less than 30 nCi/g of Cs-137 and less than 18 nCi/g of 
alpha emitters in the filtrate. The cesium removal requirement is 
achieved by the extremely low solubility of cesium 
tetraphenylborate. The use of the tetraphenylborate (TPB-) ion for 
precipitation of radioactive cesium from High Level Waste (HLW) 
suffers from generation of benzene, To achieve the high 
decontamination factor, excess NaTPB is added to the solution to 
force the cesium out of solution. The "excess" TPB- concentration 
causes cesium to precipitate and restore equilibrium (Equation 1). 

Equation 1 

Decreasing the excess NaTPB reduces the potential quantity of 
benzene produced. To decrease the concentration of NaTPB while 
maintaining the cesium decontamination factor requires an accurate 
description of the factors influencing the solubility cesium 
tetraphenylborate (CsTPB) and potassium tetraphenylborate(KTPB). 
In support of the Defense Nuclear Facility Safety Board (DNFSB) 
Recommendation 96-1 Implementation Plan,' High Level Waste 
Engineering requested a study of the solubility of 
tetraphenylborate salts of cesium and potassium.' 

Previous equations used to calculate the CsTPB and NaTPB 
solubility3 were based on work by E. Siska.4 
not consistent with observations during testing and demonstration 
of the ITP process. Further testing has been completed to 
determine the equations that more accurately predict the 
solubility of CsTPB, NaTPB, and KTPB. 

These equations were 

The equilibrium solubility product constant of CsTPB can be 
described by equation 2. 

Equation 2 

Where [Cs ' ]  and [TPB-] are the molar concentrations of the aqueous 
species and 'yc, and yTpB are the molality-scale activity coefficients 
The activity coefficients are described by the Debye-Huckle 
equation' for dilute solutions, but must be adjusted for the ionic 
strength for more concentrated solutions (>0.01 m). One method 
for calculating the activity coefficients is use of a computer 
software model, Environmental Simulation Program by O L I ,  Inc. 
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This sof tware  u t i l i z e s  a mathematical framework t o  derive t h e  
thermodynamic p r o p e r t i e s  of aqueous s o l u t i o n s .  

E x m e r i r n e n t a l  

Simulated s a l t  s o l u t i o n s  w e r e  prepared a t  4.7 M [Na'] (Table 1).  
The s t anda rd  s o l u t i o n  was d i l u t e d  wi th  de ionized  w a t e r  t o  achieve 
t h e  desired sodium concent ra t ion  f o r  s p e c i f i c  tests. For 
s o l u t i o n s  conta in ing  less than  1 . 0  M [Na'], a l i q u o t s  of  cesium 
n i t r a t e  and potassium n i t r a t e  s o l u t i o n s  w e r e  added t o  maintain t h e  
concen t r a t ions  above t h e  s o l u b i l i t y  product.  The r a t i o  of  cesium 
t o  potassium remained cons tan t  ( a t  1:62) un le s s  otherwise 
s p e c i f i e d .  Simulants f o r  NaTPB s o l u b i l i t y  w e r e  prepared without 
cesium o r  potassium n i t r a t e .  Simulants w e r e  a l so  prepared from 
sodium s u l f a t e  f o r  comparison t o  l i t e r a t u r e  data. Cesium n i t r a t e  
and potassium n i t r a t e  w e r e  a l s o  added t o  t h e s e  s o l u t i o n s .  Sodium 
t e t r apheny lbora t e  (Aldrich, 99+%) s o l u t i o n  ( 0 . 5  M, 4/2/96 I T P  
Benzene T e s t s  Solu t ion  A) w a s  added t o  the s a l t  s o l u t i o n s  and t h e  
samples w e r e  cont inuously agitated a t  150-200 r p m  f o r  24  hours 
(un le s s  o therwise  s p e c i f i e d  i n  k i n e t i c s  t e s t s ) .  S o l i d  sodium 
t e t r apheny lbora t e  (Aldrich, 99+%) w a s  used f o r  t h e  NaTPB 
s o l u b i l i t y  tests. 

Table 1. 4.7 M [Na+] Aqueous Salt Solution 

Component Concentration (MI 
Na2S04 0.14 
NaN02 0.66 
NaN03 0.74 
NaOH 2.68 ( 1 . 4  M free OH-) 
KNO3 0.013 
Na2CO3 - H 2 0  0.17 
A1 (NO3) 3 - 9H20 0.32 
CsN03  0.00021 

Selected organic  compounds p resen t  i n  decomposed t e t r apheny lbora t e  
s l u r r y  w e r e  added t o  one s imulated s a l t  s o l u t i o n  t o  examine t h e i r  
impact. T h e  s o l u t i o n  w a s  d i l u t e d  t o  0.25 M [Na'] and 1000  mg/L 
each o f  phenol, phenylboric  acid, and benzene w e r e  added. The 
phenylbor ic  acid and phenol completely d i s so lved .  

A s imula ted  s a l t  s o l u t i o n  conta in ing  d i f f e r e n t  ra t ios  of  anions 
w e r e  a l s o  prepared t o  examine t h e  effect of anion composition. 
The s o l u t i o n  did not  conta in  any d i v a l e n t  an ions  (Table 2 ) .  The 
s o l u t i o n  w a s  prepared a t  5 .6  M [ N a + l  and d i l u t e d  t o  t h e  desired 
concen t r a t ion  ( 0 . 2 5  M [Na ' ] )  p r i o r  t o  NaTPB a d d i t i o n .  
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Table 2. 5.6 M [Na+] High Hydroxide Salt Solution 

I ComponntConcentsation(M). 
N a N 0 2  0.30 
NaOH 5.3 (2.26 M f r e e  OH-) 
mo3 0.015 
A1 (NO31 3 9H20  0.76 
CsN03  0.00024 

Temperature of t h e  s l u r r i e s  w a s  maintained us ing  an o r b i t a l  
shaking w a t e r  ba th .  Temperature o f  t h e  w a t e r  w a s  recorded and 
found t o  vary  by k2.5 OC. A l l  CsTPB and KTPB samples w e r e  
f i l t e r e d  wi th  0.2 micron Nalgene" f i l t e r s .  
f i l t e r e d  wi th  0 . 4 5  micron Nalgenm f i l t e r s .  
temperature  tests, samples w e r e  f i l tered quickly  (<2 minutes) and 
u l t r a p u r e  w a t e r  w a s  added t o  maintain t h e  s o l u b i l i t y  of  t h e  
compounds as it cooled. The u l t r a p u r e  w a t e r  w a s  checked by 
Induct ive ly  Coupled Plasma - M a s s  Spectroscopy (ICP-MS) and found 
t o  not  conta'in measurable amounts of  K, CS, o r  B. 

The NaTPB samples were 
For the e leva ted  

A l l  samples w e r e  analyzed by ICP-MS. The boron p u r i t y  of t h e  
NaTPB w a s  examined by add i t ion  of NaTPB t o  a 1 . 0  M potassium 
n i t r a t e  s o l u t i o n .  L e s s  than  0 .064  % of t h e  added boron w a s  found 
so lub le  after p r e c i p i t a t i o n  of KTPB, i n d i c a t i n g  t h a t  boron 
a n a l y s i s  could determine t h e  TPB- concent ra t ion .  

Blank samples ( i .e. ,  no NaTPB added) w e r e  analyzed f o r  wi th  each 
series of  samples t o  confirm t h e  accuracy of t h e  ana lyses .  A l s o ,  
a series of  b l i n d  s tandards  w e r e  prepared and analyzed. T h e  b l i n d  
s tandard  w a s  prepared from t h e  same batch of reagent  grade 
chemicals as t h e  s imulant .  The ca l cu la t ed  versus  measured 
concent ra t ions  w e r e  wi th in  t h e  expected e r r o r  o f  -10% (Figures  1 
and 2 ) .  

Dens i t i e s  of t h e  so lu t ions  a f t e r  NaTPB add i t ion  w e r e  determined 
over a range of concent ra t ions  (Table 3 ) .  The amount of NaTPB 
added t o  t h e s e  s o l u t i o n s  w a s  s to i ch iomet r i ca l ly  equiva len t  t o  t h e  
concent ra t ion  of potassium and w a s  no t  s a t u r a t e d  w i t h  NaTPB. A 
pipetter w a s  used t o  measure t h e  volume of  sa l t  s o l u t i o n  and t h e  
p i p e t t e r  w a s  checked wi th  a weighed amount of de ionized  w a t e r  t o  
ensure  a cons i s t en t  volume de l ive ry .  The d e n s i t i e s  w e r e  measured 
i n  t r i p l i c a t e .  The mola l i ty  (m) of t h e  s o l u t i o n s  w e r e  then  
c a l c u l a t e d  from t h e  dens i ty  (Table 3,  Figure  3) and composition. 

Table 3. Density of Salt Solutions (T = 25 "C)  

N a  (M) N a  (m) 
4.7 1,2179 5.2  
1.4 1.0715 1.5 
0.47 1.0248 0.47 
0.14 1.0144 0.14 
0.047 1.0063 0.047 
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M sodium ion s a  t solution is 
compiete in less than 24 hours at room temperature (Table 4, 
Figure 4) with stoichiometric quantities of potassium and 
tetraphenylborate ions (* 1%). The cesium concentration increased 
after 216 hours and is likely attributable to variability in the 
experimental procedure or the analysis. The standard deviations 
calculated for this test reflect the variance for replicate 
experiments. Temperature, homogeneity of samples, pipette 
volumes, and analytical scatter contribute to this variance. The 
cesium concentration is near the detection limit of the 
instrument, contributing to the variability of the data. A longer 
test is needed to confirm that the results are due to experimental 
variability. 

Table 4 .  Precipitation K i n e t i c s  i n  0 . 2 8  M [Na'] a t  25 OC 

Time ( hr ) Kspl (CsTPB) K s p 2  (KTPBL 
24 1.00E-10 3.943-8 
72 9.213-11 4.063-8 
144 1.10E-10 3.783-8 
216 1.65E-10 4.363-8 

average 1.17E-10 4.04E-8 
std. dev. 3.293-11 2.483-9 

At 4.7 M sodium ion salt solution with near-stoichiometric 
addition of TPB-, the reaction was nearly complete after 
approximately 160 hours (Figure 5) at 25 OC. The solution 
contained less TPB- than the stoichiometric amount of potassium 
(0.198 mM [K'] vs. 0.145 mM [TPB-I) due to tramp potassium in the 
chemicals used to prepare the simulant, yielding a conservative 
estimate of the reaction time. This caused a higher cesium 
solubility in these samples, consistent with a shift in the 
equilibrium. This data indicates that the precipitation reaction 
at near-stoichiometric conditions in high ionic strength solutions 
can be very slow. Further work is needed to precisely define the 
precipitation kinetics with excess TPB-. 

At 4.7 M sodium ion salt solution at 65 OC with near- 
stoichiometric addition of TPB-, the reaction was complete in 24 
hours (Figure 6). The results indicate that the time required for 
precipitation can be significantly reduced by heating the 
solution; however, the solubility also increases with temperature. 

At 1.41 M [Na'] and 25 OC, the reaction was complete in less than 
four hours (Figure 7). The cesium concentration was below the 
detection limit when the first sample was collected, indicating a 
very rapid reaction. Further work is needed to quantify the 
impact of excess TPB- on the precipitation rate. 
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t Calculation 

Equations f o r  t h e  c a t i o n  (K', Cs', N a + )  and anion (TPB-) a c t iv i ty  
c o e f f i c i e n t s  i n  s a l t  s o l u t i o n  have been derived from the  
Environmental Simulation Program by O L I ,  Inc.  The equa t ions  w e r e  
t h e n  used as a basis f o r  experiments.  T o  determine i f  t h e  
a c t i v i t y  c o e f f i c i e n t s  w e r e  valid, t h e  s o l u b i l i t y  of t h e  
t e t r apheny lbora t e  sa l t s  w a s  determined over a range of i o n i c  
s t r e n g t h s .  T h e  equa t ions  w e r e  t hen  used t o  determine K,, f o r  each 
species. T h e  a c t i v i t y  c o e f f i c i e n t  equat ions  w e r e  confirmed by t h e  
observa t ion  t h a t  the K,, w a s  r e l a t i v e l y  cons tan t  over  the  range of 
i o n i c  s t r e n g t h s .  To determine the a c t i v i t y  c o e f f i c i e n t s ,  the  
m o l a l i t y  and i o n i c  s t r e n g t h  of the s o l u t i o n s  must be ca l cu la t ed .  

T h e  a c t i v i t y  c o e f f i c i e n t  equat ions  from t h e  OLI software f o r  
sodium, cesium, and potassium i o n s  are val id  wi th  'standard'  s a l t  
s o l u t i o n  up t o  5 M sodium ion  concent ra t ion  (Figure 8 ) .  S m a l l  
v a r i a t i o n s  i n  the anion composition w i l l  no t  s i g n i f i c a n t l y  impact 
t h e  a c t i v i t y  c o e f f i c i e n t ,  
t e t r a p h e n y l b o r a t e  ion  w a s  a l s o  derived from t h e  OLI sof tware,  
based on t h e  S iska  data.4 The Siska data w a s  c o l l e c t e d  i n  sodium 
s u l f a t e  s o l u t i o n  up t o  2 .0  M i n  sodium ion .  The O L I  sof tware w a s  
used t o  c a l c u l a t e  the  a c t i v i t y  c o e f f i c i e n t  t o  2 . 0  M sodium 
s u l f a t e ,  and t h e n  w a s  e x t r a p o l a t e d  t o  5 M sodium ion  by p l o t t i n g  
the  data and f i t t i n g  a curve (Figure 9 ) .  The manual curve f i t t i n g  
w a s  r equ i r ed  because t h e  O L I  sof tware  under predicted t h e  
s o l u b i l i t y  of  CsTPB a t  5 M sodium i o n  concent ra t ion .  The 
e x t r a p o l a t e d  a c t i v i t y  c o e f f i c i e n t  w a s  t hen  used as a guide and w a s  
confirmed by experiment. The TPB- a c t i v i t y  c o e f f i c i e n t  equat ion 
w a s  confirmed by determining the  KTPB and NaTPB s o l u b i l i t i e s  a t  
high i o n i c  s t r e n g t h  because the  CsTPB s o l u b i l i t y  w a s  d i f f i c u l t  t o  
measure directly.  Fur the r  work is needed t o  v e r i f y  the a c t i v i t y  
c o e f f i c i e n t  equat ions  a t  in te rmedia te  i o n i c  s t r e n g t h  (2-4 M Na ' ) .  

The a c t i v i t y  c o e f f i c i e n t  f o r  the 

2 Cs' a c t i v i t y  c o e f f i c i e n t  (yc,) = 0.0258 I, - 0.160 I, + 0.783 

K+ a c t i v i t y  c o e f f i c i e n t  (yK) = 0.0284 I, - 0,219 I, + 0.777 

2 N a +  a c t i v i t y  c o e f f i c i e n t  (yNa) = 0.00880 I, - 0.0701 I, + 0 .701  

TPB- a c t i v i t y  c o e f f .  (yTPB) = 1.91 1: - 4.54 I,' + 5.48 I, + 0.712 

where t h e  I, i s  t h e  mola l i ty -sca le  i o n i c  s t r e n g t h  of  t h e  s o l u t i o n .  

T h e  i o n i c  s t r e n g t h  of  any s o l u t i o n  i s  c a l c u l a t e d  from t h e  
fol lowing equat ion:  

I,= 0.5{ (2: x ma) + (2: x %) + (2:  x m,) ...) 

w h e r e  Z is  t h e  i o n i c  charge o f  t h e  ions  and m i s  the  molal 
concen t r a t ion  (moles /1000 g s o l v e n t ) .  For t h e  r a d i o a c t i v e  w a s t e  
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tests described 

calculation of t 
( ECo,-21 , [so,-*] 1 

in this work, the density and anion composition 
of the solutions were estimated to permit 
he molality. The density of salt solutions used 

in these experiments was determined. The following equation was 
fitted to the data to estimate the density (g/mL) of the salt 
solutions at intermediate concentrations (Figure 3). 

a = 0.0452[Na'] + 1.006 where [Na'] is the molar concentration. 

The molality (m) is calculated from the molarity (M) with the 
following equation: 

m = M / {a  - ( w t .  dissolved solids/1000) 

where the weight of the dissolved solids is the sum of the weight 
of all dissolved solids in 1 L of salt solution. 

To obtain the ion solubility, the activity coefficient is then 
used in the 'solubility equilibrium equation: 

where the soluble [TPB-1 is expressed in molarity. A similar 
equation is used to determine the potassium and tetraphenylborate 
ion solubilities. 

KSP, 1 (CsTPB) = 1.03E-10 M2 at 25 OC 

Ksp,2 (KTPB) = 5,033-8 M' at 25 OC. 

KSP, 3 (NaTPB) = 0.62 M' at 25 OC. 

For comparison of the OLI-derived equations to experimental 
results, the NaTPB solubility was determined in salt solution 
(Table 5). The sodium concentration in Table 5 is the final value 
including the contribution from salt solution and dissolved NaTPB. 
The NaTPB equilibrium constant (KsD,3) was estimated to be 0.62, and 
the TPB- activity coefficient was calculated. The sodium activity 
coefficient was calculated using the equation above. The value 
for Ksp,S (0.62) was selected, rather than the average value, 
because the sodium activity coefficient was based on a model of 
the salt solution and is only valid for low concentrations of 
NaTPB. At high concentration of NaTPB, the equation for the 
sodium activity may vary. This is not a concern for ITP 
operations because the condition with high concentration of NaTPB 
(>0.1 M) is not encountered. The results indicate good agreement 
between the OLI data and the experimental results (Figure 10). 
The density of the NaTPB-saturated salt solution was also 
determined (Figure 11). 
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T a b l e  5 .  NaTPB So lub i l i ty  i n  S a l t  Solution 

Tota l  fNal (M) rTPRl (M) Density (cr/mTII K s ~ 3  (NaTPR) 
0.0016 1.179 0.622 4.23 

2.39 0.043 1.091 0.875 
1.05 0.111 1 . 0 6 0  0.299 
0.633 0.163 1.056 0.237 
0.473 0.332 1.036 0.381 

average: 0.48 

erature Denen- 

The temperature  dependence of t h e  s o l u b i l i t y  product cons tan ts  w a s  
der ived  f o r  CsTPB and KTPB. The dependence of t h e  KTPB s o l u b i l i t y  
wi th  temperature  agrees  w i t h  tha t  of Siska4 (Figure 12). The 
var iance  o f  CsTPB s o l u b i l i t y  wi th  temperature nea r ly  paral le ls  t h e  
S iska  data, bu t  is  o f f s e t  by t h e  d i f f e rence  i n  s o l u b i l i t y  (Figure 
13). The NaTPB s o l u b i l i t y  d a t a  (Figure 14) agrees  wi th  ear l ier  
r e s u l t s 6  i n d i c a t i n g  only s l ight  dependence of s o l u b i l i t y  wi th  
temperature.. Equations f o r  t h e  equi l ibr ium cons tan ts  w e r e  der ived  
from t h e  experimental  data and are valid from 25 t o  65 OC: 

Ksp,l (CSTPB) = 2. 328E-11e(5-199E-2T) 

Ksp, (KTPB) = 7 . 8 1E- 9 e (6-30E-2T) 

Ksp,3 (NaTPB) = 0 .439 e(1-39E-2T) 

T h e  va lues  f o r  Ksp,l and Ksp,2 w e r e  der ived  from a series of 
experiments over a range of concent ra t ion  of s a l t  so lu t ion .  The 
data are more erratic a t  high temperature than  a t  ambient 
tempera ture  ( i .e. ,  K,, i s  more v a r i a b l e  throughout the range of 
i o n i c  s t r e n g t h s ) .  This larger var iance  i s  probably due t o  
experimental  v a r i a b i l i t y  dur ing  handl ing due t o  a d d i t i o n a l  
d i l u t i o n s .  The average va lues  f o r  Ksp,l and Ksp,2, and t h e  s tandard  
dev ia t ion  w e r e  ca l cu la t ed .  Addit ional  data f o r  KTPB, CsTPB, and 
NaTPB a t  elevated temperatures  are shown i n  T a b l e  8. 

T a b l e  6 .  C a l c u l a t i o n  of Ksp,l and Ksp,, vs. [Na'] a t  25 OC 

C s T P B  KTPB 
TNa+l tMl K s r > l  t&l KSD2 wL 
1-41 1.06E-10 5.353-8 
0.47 1.51E-10 8.353-8 
0.14 9.65E-11 3.81E-8 
0.047 5.863-11 2.593-8 

average: 1.03E-10 5,033-8 
s t d .  dev. 3.80E-11 2,493-8 
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Table 7. Calculation of K=p,l and K p , 2  vs. [Na'] at 65 OC 

CsTPB KTPB 
JNa+l  (MI K s ~ l  C l f W l  
4.7 4.59E-10 1.783-6 
1.41 1.493-9 3.633-7 
0.47 1.70E-9 5-033-7 
0.14 8.273-10 3 I 04E-7 
0.047 1.963-10 1.753-7 

6.263-7 average : 9.34E-10 
std.  dev.: 6.473-10 6.583-7 

Table 8. Calculation of Kmp, at Elevated Temperatures 

T i  TNa+l (MI KSD (&J o c  1 
KTPB 50 0.47 7.523-8 
CsTPB 50 0.47 1.90E-10 
NaTPB 65 2.388 1 .08  

T h e  impact of organics ,  K:Cs r a t i o ,  and the  composition of t h e  
an ions  w a s  a l s o  determined (Table 9). The organics  tes t  u t i l i z e d  
a 0.25 M [Na+] s tandard  a l k a l i n e  s a l t  s o l u t i o n  s imulant  and 1 0 0 0  
mg/L each of benzene, phenol, and phenylboric  acid. T h e  
composition of  the  anions w a s  varied us ing  a high hydroxide 
formulat ion s u b s t i t u t i n g  sodium hydroxide f o r  t he  sodium s u l f a t e  
and carbonate  (Table 2). T h e  r e s u l t s  i n d i c a t e  t h a t  the impact of 
the  o rgan ic  and an ion ic  components i s  minimal. 

Table 9. Impact of Organics, Anions, and Potassium 

CsTPB KTPB 
per+gaent - KsPl (& K s r > 2 . L  

organics  1.13E-10 4.923-8 
high hydroxide 1.32E-10 5.02E-8 

For comparison t o  Siska 's4 experimental  data, the  a c t i v i t y  
c o e f f i c i e n t  equat ions determined us ing  t h e  OLI  sof tware  w e r e  used 
t o  c a l c u l a t e  the Ksp,l (CsTPB) and (KTPB) va lues  (Table 10). 
T h e  S i s k a  data w a s  c o l l e c t e d  i n  sodium s u l f a t e  s o l u t i o n s  and the  
O L I  sof tware  generated the a c t i v i t y  c o e f f i c i e n t s  based on i o n i c  
s t r e n g t h .  T h i s  approach i s  s e l f - c o n s i s t e n t  because the a c t i v i L y  
c o e f f i c i e n t s  generated by the  OLI program w e r e  derived from the  
the  S i s k a  data. T h i s  e x e r c i s e  demonstrates t h a t  the  sof tware and 
derived equat ions  are c o n s i s t e n t  w i t h  the  o r i g i n a l  data. 
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Table 10. Calculation of KaPrl and Kap,2 from Siska's Data 

CsTPB KTPB 
l N a + l  (MI K S D ~  (&\ KSD2 (EfL 
2.0 1.363-9 2.773-8 
0.7 9.643-10 2.553-8 
0.3 1.293-9 2.80E-8 
0.05 8.84E-10 1.91E-8 

average: 1.10E-9 2.51E-8 
std. dev. 2.293-10 4.14E-9 

The average equi l ibr ium cons tan t  f o r  CsTPB from t h e  S iska  r epor t4  
is  an o rde r  of magnitude higher than  tha t  observed i n  the  cu r ren t  
work (1.03E-10 M'). T h e  KTPB equi l ibr ium cons tan t  determined i n  
t h i s  s tudy  (5.033-8 M2) i s  similar t o  tha t  observed by S i s k a .  

T o  examine the discrepancy between the two s t u d i e s ,  two 
experiments w e r e  performed us ing  0.124 M sodium s u l f a t e  s o l u t i o n  
(0.25 M [ N a ' l )  and a mixture of potassium and cesium ions  (Table 
11). Two r a t i o s  of TPB- t o  potassium w e r e  used t o  examine the 
impact of increased  TPB- on the  equi l ibr ium condi t ion .  T h e  CsTPB 
and KTPB equi l ibr ium cons tan ts  w e r e  determined (Table 11) and are 
nea r ly  i d e n t i c a l  w i t h  t hose  determined us ing  s a l t  s o l u t i o n  (Ksp,l = 
1.03E-10 M2; Ksp,* = 5.033-8 M2). T h e  r e s u l t s  suggest  t h a t  the 
mixture of  potassium and cesium ions  may have an impact on the  
observed s o l u b i l i t y  of cesium, o r  t h a t  t h e  S i s k a  data o r  t h e  
a c t i v i t y  c o e f f i c i e n t  are i n  e r r o r .  

Table 11. K,p,l and Kap.2 in Aqueous Sodium Sulfate 

C s T P B  KTPB 
3PB:K K S D ~  (&> KSD2 (ry'L, 
1.25:l 1.43E-10 3.923-8 
1:l 1.77E-10 4.393-8 

An a d d i t i o n a l  experiment, us ing  0.125 M sodium s u l f a t e  so lu t ion  
w i t h  no added potassium, verifies the conclusion tha t  the  r a t i o  of  
potassium t o  cesium inf luences  the s o l u b i l i t y .  T h e  r e s u l t i n g  Ksp,l 
= 3.543-9 M2 i s  even higher than  the  S i ska  data (1.lOE-9 M2) i n  
pure  sodium s u l f a t e .  T h e  large excess  of TPB- did not  impact t h e  
equi l ibr ium cons tan ts  (Table ll), i n d i c a t i n g  t ha t  the reason f o r  
t h e  discrepancy is not  r e l a t e d  t o  t h e  presence of excess  TPB-. T h e  
sys tem is  w e l l  behaved and the data sugges ts  t h a t  a d d i t i o n a l  
an ionic  TPB- only causes  a s h i f t  i n  the equi l ibr ium (Equation 1).  
Furthermore, previous equat ions  t h a t  w e r e  used f o r  c a l c u l a t i n g  the  
s o l u b i l i t y  of CsTPB i n  sa l t  so lu t ions3  did not  f a c t o r  i n  the i o n i c  
s t r e n g t h  b u t  only descr ibed  the  s o l u b i l i t y  i n  t e r m s  of the 
molar i ty  o f  sodium. Both the  i o n i c  s t r e n g t h  and t h e  potassium-to- 
cesium r a t i o  appear important t o  the Cs' s o l u b i l i t y .  
i n t o  t he  inf luence  of  the r a t i o  of potassium and cesium i s  needed 

More research 
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to better predict the CsTPB solubility in solutions that contain 
high concentrations of potassium. 

oactive Waste 

Using the equations derived from the current work, the predicted 
cesium solubility can be compared with the observed solubility 
during the precipitate washing cycle of the 1983 In-Tank 
Demonstration. It was assumed for these calculations that the Cs- 
137 is 35 atom % of the total cesium present (Table 12). The 
measured concentration of TPB- was used for all calculations. 

7 

Table 12. Calculated vs. Observed Cs Radioactivity for 
1983 In-Tank Demonstration 

T N P + 1 0 - 1  cucul-  Cs observed Cs: 
5.1 0.0016 M 1.0 (nCi/g) 2.0 (nCi/g) 
1.2 0.067 2.1 2.4 
0.57 , 0,025 8.5 7.3 
0.17 0.0088 43.5 28.0 

Similarly, the cesium solubility during sampling and recent 
experiments using Tank 48H slurry (Table 13) can be compared.' The 
sample from Tank 48H on December 28 (Table 13) is assumed to 
contain no remaining soluble (sodium) tetraphenylborate. To 
calculate the solubility of cesium, the solubility of KTPB was 
assumed to be the only source of soluble tetraphenylborate ion. 

Table 13. Calculated vs. Observed Cs Radioactivity for 
PVT-1 Samples and Testing 

exm, t/sa mple rNa+i (MI rTPS1 (MI calculated observed 
Experiment (#4A) ' 3.5 2.9E-4 28.2 11.7 
Experiment (#2) * 3.83 2.OE-4 28.4 269 
Tk 48H, 12/28/95 4.70 2.3E-5* 102 28 

Cesium (nCi/g) 

*estimated concentration 

The calculated cesium activities agree reasonably well with the 
observed cesium activity for the 1983 In-Tank Demonstration (Table 
12). In Table 13, the two samples from PVT-1 testing are not 
self-consistent. This discrepancy suggests that the experiments 
were not at equilibrium or that the tetraphenylborate analysis is 
in error. It is likely that the PVT-1 test solutions were not at 
equilibrium due to the short mixing time (<2 hours). Considering 
the approximation of tetraphenylborate concentration in this 
estimate, the analysis results agree reasonably well with the 
predicted value. 
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Conclusions 

Initial experiments to quantify the NaTPB excess required to 
achieve decontamination at ITP are complete. The cesium in these 
solutions was often below the detection limit of the instrument. 
The activity coefficient of tetraphenylborate ion at high ionic 
strength was verified by determining the sodium tetraphenylborate 
solubility. 
organic compounds. The effect of anions can be mathematically 
compensated by using the ionic strength instead of the molar. 
concentration of species in calculations. 

The system seems well behaved, and is not effected by 

The rate of precipitation can be slow, but appears to be complete 
within 160 hours at ambient temperature. Further testing to 
quantify the rate of precipitation with excess NaTPB is needed. 

The equations and equilibrium constants derived from this work 
represent the best available data with salt solutions simulating 
the ITP process. 

Further work is needed in the following areas: 

Evaluate the potassium to cesium ratio-to better define the 
impact on both the equilibrium constant and on the rate of 
precipitation 

Examine the precipitation kinetics with excess TPB- to further 
quantify the time required for mixing in Tank 48H 

Examine the mixing and addition rates on the rate of 
precipitation 
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The experimental  methods and r e s u l t s  w e r e  recorded i n  l abora to ry  
notebooks 

Ana ly t i ca l  ana lyses  w e r e  performed by Melton Bryant. These non- 
r o u t i n e  ana lyses  requi red  cons iderable  e f f o r t .  Steve Serkiz  
provided a s s i s t a n c e  i n  developing t h e  a c t i v i t y  c o e f f i c i e n t  
equat ions .  

Attachment 

Analy t i ca l  data ana lyses  (7 pages) 
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Figure 1. Blind standard analysis results 
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Figure 2 .  Blind Standard Cs Analysis Results 
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Figure 3. Density of Salt Solution 
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Figure 5. 
M [Na+] Kinetics Test at 25 C 
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Figure 6. Stoichiometric STPB Addition High 
Temperature (T = 65 C) Kinetics Test at 4.7 M [Na+] 
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Kinetics test blanks 
KIN-b-1 KIN-b-2 KIN-b-3 KIN-b-4 Avg. Init. ppb Std. dev. 

B 230 700 780 570 297 
K 32000 33000 33000 32667 577 - 
cs 1700 1600 1800 1700 100 OLI-derived activity coeff. from Siska datd 
Kinetics test 

B 2800 3100 3200 3033 208 2.28E-04 0.28 0.3 0.7372 0.71 42 2.00 
K 5000 4600 4600 4733 23 1 1.21 E-04 3.94E-08 
08 38 44 37 40 4 2.98E-07 1.00E-10 

KIN-1-24 KIN-2-24 KIN-3-24 Avg. Init. ppb Std. dev. Molarity Na (M) Ion. Strength Cs act. coeff K ad. coeff. PPB act. coeff. K 

Kinetics test 

B 3200 3000 3100 141 2.34E-04 0.28 0.3 0.7372 0.7142 2.00 
K 4600 4900 4750 212 1.21 E-04 4.06E-08, 

9.21 E-1 1 c s ,  32 39 36 5 2.67E-07 

KIN-1-72 KIN-2-72 KIN-3-72 Avg. Init. ppb Std. dev. Na (M) K 

Kinetics test 

B 2800 2800 3100 2900 173 2.16E-04 0.28 0.3 0.7372 0.7142 2.00 
K 5300 5000 41 00 4800 624 1.23E-04 3.78E-08 
cs 45 45 48 46 2 3.46E-07 1.1 OE-10 
Kinetics test * 

B 2900 2800 31 00 2933 153 2.19E-04 0.28 0.3 0.7372 0.7142 2.00 
K 5700 5100 5600 5467 321 1.40E-04 4.36E-08 
,cs 61 69 74 68 7 5.12E-07 1.65E-10 
Washinddilution tes 

B 2100 560 540 520 540 20 mm? 4.7 5.55 0.6896 0.4419 217.76 
K 560000 110000 98000 30000 79333 43143 not at equilibrium #VALUE! 
OB 3 1000 670 520 220 470 229 not at equilibrium #VALUE1 
Washlnddilution tee 

B 180 1500 21 00 2300 1967 416 1.65E-04 1.41 1.54 0.5977 0,5086 5.37 
,K 170000 4900 4700 4300 4633 306 l.19E-04 5.35E-08 
,cs 10000 40 20 20 27 12 2.01E-07 1.06E-10 

KIN-1-144 KIN-2-144 KIN-3-144 Avg. Init. ppb Std. dev. Na (M) K 

KIN-1-216 KIN-2-216 KIN-3-216 Avg. Ink ppb Std. dev. Na (M) K 

WID-1-BLK WID-1-1 WID-1-2 WID-1-3 Aw. final ppb Std. dev. Na (M) Cs sct. coeff K act. coeff. TPB act. coeff. K 

WID-2-BLK WID-2-1 WID-2-2 WID-2-3 Avg. final ppb Std. dev. 

Washinddilution tes 

B 4 0 0  280 260 420 320 87 2.40E-05 0.47 0.5 0.7094 0.6751 2.56 
. WID-3-BLK WID-3-1 WID-3-2 WID-3-3 Avg. final ppb Std. dev. 

8.35E-08 K 260000 81000 76000 79000 78667 2517 2.01E-03 
08 9700 41 0 460 51 0 460 50 3.46E-06 1.51 E-10 
Washlngldilution tes 

WID-CBLK WID-4-1 WID-4-2 WID-4-3 Avg. final ppb Std. dev. 
,B 4 0 0  260 270 280 270 10 2.33E-05 0.14 0.15 0.7595 0.7449 1.44 
K 170000 59000 59000 61000 59667 1155 1.53E-03 3.81 E-08 
cs 8200 470 520 520 503 29 3.79E-06 9.65E-11 
Washinddilution tes 

B <loo  270 260 21 0 247 32 2.23E-05 0.047 0.05 0.7750 0.7662 0.98 
WID-BBLK WID-5-1 WID-5-2 WID-5-3 Avg. final ppb Std. dev. 

Page 1 
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K I  1790001 58000 57000 68000 61000 6083 1.56E-03 2.59E-OB’ 

Sodium sulfate (0.125 M) test with mtassium 

B <IO0 1800 1800 1800 I800 0 1.66E-04 0.25 0.38 0.7258 0.6983 2.24 
K 26000 5600 6100 5900 5867 252 1.50E-04 3.92E-08 
Qs 2000 80 80 50 70 17 5.27E-07 1.43E-10 

standard salt solutio1 test 

B 540 I700 1900 21 00 1900 200 1.26E-04 0.25 0.29 0.7387 0.7162 1.97 

e l  7300 1 440 490 460 463 25 3.49E-06 5.86E-11 

Sufi Ion BLK Sulf ion -1 Sufi Ion - 2 SuH Ion - 3 Avg. final ppb Std. dev. 

SSblank ss1 552 553 Avg. final ppb Std. dev. 

K 27000 5000 3300 3900 4067 862 1.04E-04 I .84E-O8 
Qs I800 60 50 50 53 6 4.01E-07 7.33E-11 

.OflQ.CSand. . 580 490 51 0 

ssoKBu< SSOK-1 SSOK-2 SSOK-3 Avg. final ppb Std. dev. 
Standard salt solution, no potassium test 

B c10 1700 1800 1800 1767 58 1.62E-04 0.25 0.29 0.7387 0.7162 1.97 
K 2600 520 860 1560 980 530 2.51E-05 5.74E-09 

2.01 E-08 cs 1500, 940 1100 980 11300 1572 8.50E-05 
0rig.csanal. I 9900 13000 11000 

-Excess TPB Washiogldiiution test 

B 2800 3100 2700 2200 2667 451 2.46E-04 4.7 5.55 0.6896 0.4419 217.76 
K 590000 520000 520000 51 0000 516667 5774 1.32E-02 3.12E-04 

Excess TPB Washing/diiution test 

E-WIDI-BlK E-WID-1-1 E-WID-1-2 E-WID-19 Avg. final ppb Std. dev. 

OB 29000 15000 18000 18000 17000 1732 1.28E-04 4.72E-06 

E-WID2-BlK E-WID-2-1 E-WID-2-2 E-WID-2-3 Avg. final ppb Std. dev. 
B 650 11000 12000 12000 11667 577 1.02E-03 ~ 1.41 1.54 0.5977 0.5086 5.37 
K 182000 4800 4500 55b0 4933 513 1.26E-04 3.51 E-07 
OB a300 ~ 2 0  < 20 <20 #DIV/OI #DIV/OI #DIV/O! XDIVIOI 
,fit%S TPB Washingldiiutian test 

B 680 7600 7200 11000 8600 2088 7.33E-04 0.47 0.5 0.7094 0.6751 2.56 

,OB 8700 e20 <20 <20 #DIVIOI #DIV/OI #DIV/OI #DIV/O! , 

Excess TPB Washingldiiution test 

B 4 0 0  6100 6800 6800 6567 404 6.06E-04 0.14 0.1 5 0.7595 0.7449 1.44 

cs 7000 <20 <20 <20 , #DIVIOI #DIV/OI #DIV/O! #DIVIOI 
Excess TPB Washincldilution test 

B 7800 8400 8200 9000 8533 416 6.78E-05 0.047 0.05 0.7750 0.7662 0.98 

Qs 6900 <20 <20 < 20 #DIVIO! #DiVIOI #DiV/OI #DIV/OI 
OQaniC salt impact t w t  

B I  88000 88000 87000 89000 88000 1000 1.93E-04 0.25 0.29 0.7387 0.7162 1.97 

E-WID3-BLK E-WID-3-1 E-WID-3-2 E-WID-3-3 Avg. final ppb Std. dev. 

K 200000 4000 4800 4800 4533 462 1.16E-04 1.47E-07 

E-WID4-BLK E-WID-4-1 E-WID-4-2 E-WID-4-3 Avg. final ppb Std. dev. 

K 140000 1900 580 1600 1360 692 3.48E-05 2.26E-08 

E-WIDSBLK E-WID-5-1 E-WID-5-2 E-WID-5-3 AVQ. final ppb Std. dev. 

1.lOE-09 K 120000 850 c100 <IO0 850 #DIVIOI 2.17E-05 

IORG-QBLK o m 1  o w 2  ORG-3 Avg. final ppb Std. dev. 
~ ~~~ 

Page 2 



Sheet1 

4.92E-08 
Q l  14001 70 30 60 53 21 4.01E-07 1.1 3E-10 

7067 1419 1.81E-04 assume B I B in inorg. test K l  28000 I 5800 8600 6800 

Inorganic anion variability test 

B 4 0 0  1800 2200 2300 2100 265 1.93E-04 0.25 0.25 0.7445 0.7243 1.83 
K 29000 7800 7200 8000 7667 416 1.96E-04 5.02E-08 
cs 1300 70 70 60 67 6 5.02E-07 1.32E-10 

IN0lXWl.K INORGl INORG2 INOR03 Avg. final ppb Std. dev. 

WashindDilution Test 

-W/D-5-BLK WID-5-1 W/D-5-2 WID-5-3 Avg. final ppb Stdldev. 
B 4 0 0  200 180 190 190 10 1.66E-05 0.71 

3-78558 3-78559 3-78560 3-78561 

,K 180000 58000 61000 61000 60000 1732 1.53E-03 1.30E-08 
cs 6700 400 470 490 453 47 3.4lE-06 2.88E-11 
Excess TPB test 

B 520 630 830 4400 1953 2121 1.33E-04 4.7 5.55 0.6896 0.4419 217.76 
K 530000 120000 96000 6200 74067 59987 1.89E-03 2.42E-05 

8.24E-08 $8 30000 660 440 <20 550 156 4.14E-06 

ET-1-BLK ET-1-1 ET-1 -2 ET-1-3 Avg. final ppb Std. dev. 

Excess TPB test 

B 509 6000 740 6000 4247 3037 3.47E-04 4.7 5.55 0.6896 0.4419 21 7.76 
K 470000 3500 53000 6700 21067 27701 5.39E-04 1.80E-05 
ce 29000 c20 210 <20 210 #DIV/OI 1.58E-06 8.22E-08 
Excess TPB test 

B 490 7600 6700 6700 7000 520 6.02E-04 4.7 5.55 0.6896 0.4419 21 7.76 
,K 500000 5500 21000 7200 11233 8501 2.87E-04 1.66E-05 
cs 29000 <20 <20 <20 #DIVIOI #DIVIOI #DIVIO! #DIVIOI 
Stdchhetrk: sulfate ion test (O.ld5 M) 

B 100 1400 1500 1800 1567 208 1.36E-04 0.25 0.38 0.7258 0.6983 2.24 
K 29500 91 00 7600 7500 8067 896 2.06E-04 4.39E-08 
c s .  1700 110 110 100 107 6 8.03E-07 1.77E-10, 
Hiph Temperature Solubility Kinetics (65 C) 

B 690 1800 1800 4200 2600 1386 1.77E-04 4.7 5.55 0.6896 0.4419 21 7.76 

cs 825 <30 <30 <30 #DIV/OI #DIV/OI #DIVIOI #DIVIO! 
Hkh Temperature Solubility (65 C) 

B 325 61 50 6750 6750 6550 346 5.76E-04 0.047 0.05 0.7750 0.7662 0.98 

ET-2-ELK ET-2-1 ET-2-2 ET-2-3 Avg. final ppb Std. dev. 

ET-3-BLK ET-3-1 ET-3-2 ET-3-3 Avg. final ppb Std. dev. 

SSM-WBlk S-Sulf-Ion-1 SSulf-Ion-2 SSulf-Ion4 Avg. final ppb Std. dev. 

HTK-1 HTK-2 HTK-3 HTK-4 

K 85500 5700 6300 6750 6250 527 1.60E-04 2.72E-06 

HTs5BLK HTS-5-1 HTS-5-2 HTS-5-3 

K 212500 16500 16500 14700 15900 1039 4.07E-04 1.75E-07 
cs 1 1875 30 105 45 60 40 4.51E-07 1.96E-10 
Hlgh Temperature Solubility (65 C) 

HTS4-BLK HTS-4-1 HTS-4-2 HTS-4-3 
,B 325 5550 61 50 6000 5900 312 5.16E-04 0.141 0.15 0.7595 0.7449 1.44 
K 225000 21000 22500 21000 21500 866 5.50E-04 3.04E-07 
cs 12500 195 195 195 195 0 1.47E-06 8.27E-10 
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High Temperature Solubillty (65 C) 

B 450 6300 6450 5400 6050 568 5.18E-04 0.47 0.5 0.7094 0.6751 
K 262500 21000 21000 24090 22000 1732 5.63E-04 
cs 16250 255 240 225 240 15 1.81E-06 

HTS-3-BLK HTS-3-1 HTS-3-2 HTS-3-3 

High Temperature Solubility (65 C) 
HTS-2-BLK HTS-2-1 HTS-2-2 HTS-2-3 

B 250 4500 3900 4500 4300 346 3.75E-04 1.41 1.54 0.5977 0.5086 
K 300000 15000 11850 14850 13900 1777 3.56E-04 
cs 17500 I 6 5  195 135 165 30 1.24E-06 
Hbh Temperature Solubilhy (65 C) 

B 600 1650 3300 1245 2065 1089 1.36E-04 4.7 5.55 0.6896 0.4419 
HTS-1-BLK HTS-1-1 HTS-1-2 HTS-1-3 

K 412500 5250 4800 6000 5350 606 1.37E-04 
cs 25000 5 2 2 3 2 2.26E-08 
Intermediate Temperature Solubility (50 C) 

B 2375 3750 3900 4500 4050 397 1.55E-04 0.47 0.5 0.7094 0.6751 
.K 287500 12450 10350 10200 11000 1258 2.8lE-04 
cs 16250 90 105 75 90 15 6.77E-07 
sodium sulfate (0.125 M), no potassium 

B 180 420 600 310 443 146 2.44E-05 0.25 0.38 0.7258 0.6983 

ITS-1-BLK ITS-1-1 ITS1 -2 ITS-1 -3 

SUHOK-BLK SUlfOK-1 SulfOK-2 SUMOKS 

K 4 0 0  580 130 260 323 232 8.27E-06 
_a 160000 7900 16700 11000 11867 4464 8.93E-05 

2.56 
5.03E-07 
1.70E-OS 

5.37 
3.63 E-07 
1.49E-OS 

217.76 
1.78E-06 
4.59~-ia 

2.56 
7.52E-Oe 
1.90E-la 

2.24 
3.16~-ia 
3.54E-OS 
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Kinetics Tests 

B 6 63 676 
K 728000 819000 
cs 39000 46800 

HIK-BLK-1 HIK-BLK-2 [Na] = 4.7 M 

HIK-1 HIK-2 HIK-3 HIK-4 HI K-5 HIK-6 HIK-7 HIK-8 HIK-9 HIK-10 
B 559 546 5 85 598 559 572 559 572 559 5 85 

cs 1690 1950 1170 1430 689 702 806 7 67 520 637 

K (KTPB) 
K (CsTPB) 

K 234000 234000 182000 234000 130000 143000 156000 156000 124800 122200 

hours 48  48  7 2  7 2  144 144 192 192 240 240 

Stoichiometric TPB, moderate Ionic strength kinetics test 

B 7 8  39  
K 113100 88400 
cs 7280 6370 

SMK-1 (blk) SMK-2 (blk) [Na] ,, 1.41 M 

SMK-3 SMKQ SMK-5 SMK-6 SMK-7 SMK-8 SMK-9 SMK-10 
B 1820 1300 1690 2600 1820 1690 1001 9 88 
K 5720 6890 7670 4030 3900 4550 15600 7540 
cs e26 <26 e26 <26 <26 <26 52 <26 
hours 4 4 8 8 23.5 23.5 32 3 2  

Excess TPB High ionic strength Kinetics test (no blanks) 

B 663 572 546 520 520 520 520 533 520 507 
K 299000 312000 260000 286000 221 000 195000 169000 182000 9880 102700 
cs 2860 2340 1690 1950 1274 975 780 884 377 3 64 

,hours 24  24  48  48  72 72 96 96 192 192 

EHK-1 EHK-2 EHK-3 EHK-4 EHK-5 EHK-6 EHK-7 EHK-8 EHK-9 EHK-10 
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Sodium Tetraphenylborate 
dil'n corrected Idil'n corrected1 

SNA-1-BLK SNA1-BLK SNA-1 
B e0.5 #VALUE1 <0.5 
Na 95250 100012.5 939601 . 1033561 911401 100254( 

I I I I 

-1 1 ~ ~ ~ 1 - 1  ISNA-1-2 
I #VALUE! 1<0.5 

dil'n corrected 
SNA1-2 SNA-1 SNAI-3 

4.700 

SNA-2-BLK SNA2-BLK SNA-2-1 SNA2-I SNA-2-2 SNA2-2 SNA-2-3 SNA2-3 
B c0.5 #VALUE1 35 I 386.1 440 484 488 536.8 469. 0.043 
Na 51280 53844 44810 49291 42980 47278 441 80 48598 48389. 2.105 2.350 

SNA-3-BLK SNA3-BLK SNA-3-1 SNA3-1 SNA-3-2 SNA3-2 SNA-3-3 SNA3-3 
B 1672 1755.6 1738 1911.8 756 831.6 79 1 870.1 1205. 0.1 11 
Na 20280 21294 21810 23991 22380 24618 23270 25597 24735. 1.076 0.940 

Sodium tetraphenylborate solubility at 65 C 

B 0 0 244.6 366.9 295.1 442.65 285.1 427.65 41 2. 0.0381 
Na 0 0 0 0 0. 2.350 

SNA-7-BLK SNA7-BLK SNA-7-1 SNA7-1 SNA-7-2 SNA-7-2 SNA-7-3 SNA7-3 
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Assume K3=0 
TPB act. coeff. calc'd Na (M) density (glmL wt. diss. solid Na molality [monoanion]m [div.anion] m Ionic Str. I Na act. coeff. TPB actmeff. K3 

1.210 321.70 4.935 4.31 5 0.310 5.25 0.575 1 80.1 9 #VALUE! #VALUE! 
4.700 

1.091 160.85 2.262 1.947 0.158 2.42 0.583 14.46 0.87500962 10.25 
2.393 

1.060 110.86 1.134 0.995 0.069 1.20 , 0.629 4.06 0.29937626 8.41 
1.051 

1.056) 166.671 0.971 I 0.8871 0.0421 1.011 0.6391 3.591 0.236783221 9.40 


