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ABSTRACT 

The distribution of 0-8 M - H N 0 3  between aqueous and 5-100 vol % solutions of  

TBP in  Amsco 125-82 has been measured and used to obtain a quantitative description 

of this extraction process. Up to -5 M - aqueous HN03, a l imit  arbitrarily chosen 

because of  uncertainties in  HNO activi ty coefficients, the data of this report at 3 

any particular concentration of TBP i n  Amsco are accurately described by the equation 

log (HNO~)~,~/{[HNO~] aq(3.75493-(~~03)org)) = A + B (HN03)org, where paren- 

theses refer to concentrations, square brackets to activities, and subscripts org and aq 

to organic and aqueous ~hases. 

The antilogarithms of  the constants A for the six TBP-diluent solutions studied can 

0 
be described as a linear function of (Y; + YTBP)s the sum of the mole fractions, 

2 

YO 
" 2 0  

and YO of water and TBP i n  the acid-free water-saturated organic phase. 
TBP' 

These antilogarithms were interpreted as the product KIYp, where K 1  i s  the thermo- 

dynamic equilibrium constant for the extraction reaction and YT i s  the mean act ivi ty 

coefficient of TBP and TBPoH20 i n  the acid-free, water-saturated organic phase. As 

the concentration of TBP i n  Amsco 125-82 increases from 0 to 100%, KIYT, i n  rnolal 

units, varies from 0.2 to 1.5. The quantities B of the above equation are proportional 

) while the p r o d u ~ t - B ( H N 0 ~ ) ~ ~ ~  i s  interpreted as log Y TN ' where 

'T N 
i s  the mean act ivi ty coefficient of the species TBP.HNO3 and TBP~HN030H20. 

The organic phase water and acidity values are consistent with formation of  the com- 

plexes TBPoH20, TBP-HN03, TBP'HNO3.H2O, and TBP*2HN03. 
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INTRODUCTION 

The purpose of the work described here was to deduce an equation, based primarily 

on standard thermodynamic concepts, to describe the distribution of ni tr ic acid between 

an aqueous and a tributyl phosphate organic phase under the certain stated limitations. 

Tributyl phosphate, TBP, i s  widely used i n  small- and large-scale recovery of 

uranium, thorium, plutonium, and other elements from spent nuclear reactor fuels and 

of uranium i n  its original purification from ore concentrates. Primarily as a result of 

such uses, the extraction of various inorganic materials has been studied extensively, 

most frequently with nitrate systems because these are the ones of practical importance. 

The complexities of the multicomponent process solutions are so great that no 

serious efforts have been made to provide quantitative interpretations. Instead, there 

has been a concerted effort (1-15) - -  to obtain a quantitative description of the simplest 

solvent extraction system, namely, TBP-diluent-HN03-H20. With some exceptions 

(4,7,8,11,15) these studies were further simplified by elimination of the diluent, Data - - -- - 
on H N 0 3  extraction by TBP have been interpreted in  terms of  the formation i n  the 

organic phase of a series of  addition compounds, the quantity of  each changing as the 

aqueous nitr ic acid concentration changes. Thus at 0 M - H N 0 3 p  the compound TBPnH20 

i s  formed; as the aqueous H N 0 3  concentration increases to -15 M, i t  has been postu- - 

lated that compounds such as TBPHNO3, TBPSHNO3*H20, TBP2HN03, TBP*3HN03 

and TBP-4HN03 are formed successively, although evidence for complexes containing 

more than 2 moles of H N 0 3  per mole of TBP i s  very sketchy (12). - 
The present study of the extraction of ni tr ic acid i s  l imited to the regions of aqueous 

acidity, primarily 5 M - or less,that are used i n  the pi lot plant and production facilities 
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described i n  the Geneva papers (16-17). - -  Experiments were performed with 5 to 100 

vol % solutions of TBP in  the diluent Amsco 125-82, which i s  an odorless mineral 

spirits. 

EXPERIMENTAL 

Materials 

Technical grade tributyl phosphate and Amsco 125-82 were used as starting 

materials. The TBP was partially purified (freed of  acid) by two or three contacts 

with equal volumes of 2.5% aqueous sodium carbonate; any traces of the latter were 

removed with three equal-volume disti I led-water washes. Before being stored, the 

resulting TBP was degassed and dehydrated under vacuum to a water content of 1.8 

mg/ml. D i  luent was used after two or three water washes. 

Procedures 

TBP-Amsco stock solutions were synthesized by weight and then vigorously agitated, 

in  25-50 ml portions, with equal volumes of the various H N 0 3  solutions for 5-20 min. 

These mixtures were allowed to settle unti I the two phases appeared to be water clear, 

the minimum settling time being 15 min and the maximum 3 days. After separation of the 

two phases density, acidity, and, i n  some cases, nitrate were determined i n  the aqueous 

phase and density, water content, acidity, and, i n  some case, nitrate in  the organic 

phases. Densities were determined with 10-ml pycnometers, usual l at 25°C. Acidi ty 

was determined by electrometric t i  tration with appropriate sodium hydroxide solutions. 

Water was added to the organic samples to make their t i  trations in  essentially aqueous 

media. Water in  the organic solutions was determined by the Karl Fisher method as 



described by Kel ley e t  al. (18). - Nitrate was determined by reaction with 

2,6-dimethylphenol and subsequent colorimetric measurement in  a manner s i  mi lor 

to the method based on phenoldisulfonic acid (19). The l imit  of detection of nitrate 

in  the TBP-Amsco solutions was approximately 5 pg. 

RESULTS 

Original analytical data on the extraction of  ni tr ic acid by nominally 5, 10, 15, 

30, and 65 vol % solutions of  TBP in  Amsco 125-82 and by dfluent-free, i.e., 100 vol %, 

TBP are presented i n  Tables I-Vl.* In addition to analytical data there are included values 

of  the mean molar stoichiometric act ivi ty coefficients of ni tr ic acid i n  water calculated 

from the 25OC molal data of  Hartmann and Rosenfeld (20). Some of the extraction data - 
were not used i n  the mathematical analyses described below either because differences 

between nitrate and acidity determinations, i n  the low-acid; ty  region, in  the organic 

phase were large enough to suggest the presence of other acids, ~erhaps dibutyl phosphoric, 

or because adequate nitr ic acid act ivi ty coefficient data are not available. Hartmann 

and Rosenfeld (20) - corrected the act ivi ty coefficients they calculated from their freezing 

point measurements to values at 25OC only at  concentrations up to 3 m. Some extrapola- - 

tion of their 25OC values was made as indicated i n  Tables I-VI. 

I n  common with the presentations of many workers i n  the field, the mathematical 

description of the present report i s  based on the extraction of  ni tr ic acid by TBP solutions 

according to the reaction 

* The first experiments were performed with 30% TBP i n  Amsco 125-82, Table IV. Thus, 
the analytical diff icult ies indicated i n  this table were not encountered i n  subsequent 
experiments. 





Table I ! .  Distribution of H N 0 3  Between Aqueous and 100/oa TBP-Arnsco 125-82 Phases 

Experimental Data 
Aqueous Phase Organ; c Phase 

a 0.1383 g TBP/s Amsco, or 0.3518 M TBP, on the dry basis. This i s  -- 10 vol O h  TBP. 
b 

- 
Data were not used in the mathematical analyses because of  the absence of  H N O 3  act ivi ty coefficient data. 

L 
Units of CS are moles/liter. 



Table Ill. Distribution of H N 0 3  Between Aqueous and 15%" TBP-Amrco 125-82 Phases 

Experimental Data 

Aqueous Phase Organic Phase 

Activity H N 0 3  Conc. M - 
H N 0 3  Conc, C: Coef. Density (25"), H 2 0  Conc, Density (25O) 

Anal. Kb y s g/m 1 Anal. H' Anal.  NO^- - M g/m I 

a 
0.2163 g TBP/g Amsco, or 0.5219 M - TBP, on the dry basis. This i s  -- 15 vol % TBP. 

b ~ a t a  were not used in the mathematical analyses because of the absence of HNO3 activity coefficient data. 
C 

Units of CS are moles/liter. 



Table IV. Distribution of HNO? Between Aqueous and 30% TBP-Arnsco 125-82 Phases 

Experimental Data 

Aqueous Phase Urgan I c Phase 

Activity H N 0 3  Concentration, M 
H N 0 3  Conc, C> 

Coef. Density (23"C), Anal. NO3- H 2 0  Conc, Density (23'). 
Anal. W Anal. NO3- 

- 
ys g/m 1 Anal. H+ Anal. NO3 Recheck - M 9/m 1 

0.0087 0.0087 ---- 0.9981 0,00098~ 0.0002 1 0.000 1 6b 0.287 0.8209 
0.01 86 0.0181 ---- 0.9992 0.0012~ 0.00050~ 0.000 1 6b 0.353 0.8190 
0.0379 0.038 1 - - - - 1.0001 0.0020~ 0.00 12 1 0.00087~ 0.363 0,8203 
0.0569 0.055 8 ---- 0.999 1 0.0032 0.0023~ 0.0023~ 0.377 0.8192 
0.074 1 0.0698 0.810 0.9953 0.0047~ 0.0055~ 0.0032~ 0.379 0.8204 
0.0915 0.798 1.0009 0.0062~ 0.0044~ 0.379 0.8187 
0,174 0,763 0.9998 0.0 1 72b 0,0158~ 0.353 0.8208 
0.359 0.737 1.0082 0.045 1 0.388 0.8214 
0.5 17 0.730 1 .O 154 0.0872 0.402 0.8230 L 
0.685 0.732 1.0204 0.826 0.369 0.8237 7 
0.843 0.738 1.026 1 0.171 0.443 0.82 62 
1.24 0.763 1.0372 0.279 0.398 0.8276 
1.60 0.803 1.0516 0.367 0.390 0.83 17 
2.03 0.861 1.0647 0.465 0.372 0.8339 
2.43 0.925 1.0783 0.548 0.337 0.8369 
3,35 1.146 1.1080 0.707 0.322 0.8400 
4.14 1,430 1.1345 0.835 0.22 1 0.8438 

a 
0.5540 g TBP/g Arnsco. or 1.0948 M - TBP, on the dry basis. This i s  -30 vol % TBP. 

b 
Data were not used i n  mathematical analyses because of large difference between H+ and NO3- determinations in the 
organic phase. 

C 
Units of CS are moles/liter. 



Table V. Distribution of HNO? Between Aqueous and 65% TBP-Amsco 125-82 Phases - 
Experimental Data 

Aqueous Phase 

Anal. H* Anal. N 0 3 -  

Activi ty Act ivi ty 

H N O  Conc, Coef. H N 0 3  Conc, Coef. Density (25O), HN03 COncl H 2 0  Conc, Density (25'C), c": Ys cs Ys g/m I Anal. H+ Anal. N 0 3 -  M - d m  1 

a 
2.297 g TBP/g Amsco, or 2.334 M - TBP, on the dry basis. This i s  -65 vol % TBP. 

b 
Data were not used i n  the mathematical analyses because of the absence of H N 0 3  act ivi ty coefficient data. 

C 
Units o f  Cs are moles/l itet-. 



Table VI. Distribution of H N 0 3  Between Aqueous and 100% TBP Phases 

Experimental Data 

Aqueous Phase Organic Phase 

b Activity 
H N 0 3  Conc, C,, Coef. Density (25") , H N 0 3  Conc, M H 2 0  Conc, Density (25°), 

Anal. H' Y s g/m 1 Anal. H + - M - s/m 1 

a 
Data were not used in the mathematical analyses because of the absence of H N 0 3  activity 
coefficient data. 

b 
Units of Cs are moles/liter. 



A from which i s  formulated the equilibrium equation 

In these and subsequent equations the fol lowing nomenclature applies: 

Brackets refer to activit ies and parentheses to concentrations; 

Subscripts "org" and "aq" refer to the organic and aqueous phases, respectively; 

Y, m, c are mole fraction, molality, and molarity, respectively; the second two letters 

are also used to  differentiate dimensions of quantities; e.g., Km i s  an equilibrium 

constant with molal units; 

266.316 = molecular weight of TBP, g/mole; 

P = density, g/ml; 

y = act iv i ty coefficient, molal scale; 

y = act iv i ty coefficient, molar scale; 

Ys 
and Cs = stoichiornetric act iv i ty coefficient and concentration of H N 0 3  i n  the 

aqueous phase, molar scale; 

W ~ i  I '~TBP 
= weight ratio of diluent to TBP i n  the extraction solution. 

Of the three chemical species of eq. 2, the act iv i ty only of ni tr ic acid i s  known 

from other work. Activit ies of  the other two species, TBP and TBP*HN03, are unknown, 

but their concentrations may be approximated by equating the concentration of TBP.HNO3 

to total ni tr ic acid i n  the organic phase, i.e., by assuming 



b 
Similarly, the concentration of "free" TBP may be equated to that not complexed as 

TBP. HNO3, i.e., by assuming 

(TBP) Or9 = (TBPJorS - (TBP-HN03) orgl 

where (TBPJOrg i s  the stoichiometric concentration of  TBP i n  the o r p n i c  phase, which 

equals 1000/266.316 or 3.75493 moles/kg TBP i n  the molal scale of  this report or which 

i n  the molar scale i s  calculated as 

With the definitions given above and the usual replacement of activit ies by the product 

of concentration times act iv i ty  coefficient, eq. 2 becomes, i n  molal units, 

where Y i s  an act iv i ty  coefficient of the n i t r ic  acid-TBP complex and Y the act iv i ty  
T N  T 

coefficient of "free" TBP, By rearranging eq. 6 we obtain the relation i n  eq. 7, which 

also defines F4, 



m 
(HN03)  

Y~ - or9 F 4 = K  - - 
Y~~ [HNO~];~ pj3.75493 - ( H N O  

the numerical value of which can be obtained from analytical data as given i n  Tables 

I-VI and the equations 

( H N O ~ ) ~  = 3.75493 ( ~ ~ 0 ~ 1 '  /(TBP ) 
Or9 Org s org 

Previous workers using eq, 7 plotted the numerical value of  F4, or its logarithm, 

against the aqueous n i t r ic  acid concentration in  showing the effects o f  acidi ty and the 

TBP/diluent ratio. The mathematics of the present report are based on acidi ty i n  the 

organic phase, not the aqueous phase, being the independent variable since both the 

dependent variables 7 and Y i n  the rat io K , Y ~ / Y ~ ~ ,  eq. 7, refer to the organic 
T TN 

phase, In contrast to the curves of  plots o f  log F4 vs. aqueous acidity, plots of log F4 

vs. organic acidi ty are straight lines in a l l  cases, as shown by the three examples o f  

Fig. 1, expressible for a fixed TBP/di luent rat io and organic acidities from 0 to 3 rn, - 
corresponding to aqueous acidities of 0 to 5 M, - by the equation 



!HNO3Iorg I ORGANIC H N 0 3  CONC, (mole /kg TBP) 

Fig. 1. Correlation of HNO Extraction by 10 and 30 % TBP 

in Amsco 125-82 and by 400% TBP. Change in Circle Size is 
used to  Indicate Change in Uncertainty in HN03 Activity Coef- 
ficients in the Aqueous Phase. Lines were Determined by 
I I Least ~ q u a r e s "  Analysis. 



Relative deviations of the arguments of the logarithm in eq. 11, i.e., 100 [antilog 

(std. dev. of data from eq. 11) - I] , are 9.7, 10.5, 13.7, 3.1, 10.8, and 5.0%, 

respective1 y, for 5, 10, 15, 30, 65, and 100 vol % TBP in Amsco 125-82. Each of 

these i s  the result of propagation of eemn due to P , ( ~ ~ 0 3 ) '  , C,, and ( ~ ~ 0 ) '  
erg erg ol-g 

and to uncertainties in the extrapolation of nitric acid activity coefficient data of 

Hartmann and Rosenfeld (20). - 
Each of the constants A and B of eq. 1 1  varies regularly with the concentration 

of TBP in  the hydrocarbon diluent (Table V13). Various plots of A, B, and the anti- 

logarithms of these vs. concentrations of TBP, dlluent, and H 2 0  content of the water- 

saturated acid-free TBP-diluent solution were made (Figs. 2 and 3) in an effort to obtain 

the best representation. These parameters are not functions of the nitric acid concentra- 

tion since the quantity A i s  an intercept corresponding to (HN03) = 0, while the quantity 

B i s  experimentally independent of nitric acid concentration for a fixed TBP/diluent 

ratio (Fig. 1 or eq. 1 1). O f  the functions tested, the best and simplest f i t  of a l l  the data 

i s  given by eq. 12. 

log F4 = log + B (Yo + Yo )) 
 NO,]^ C3.75493 = log ['I 2 TBP H 2 0  

a q 

+ B3 Yo + Yo 
TBP H20]1'2 rNo3 1 rrg 4 12) 



U N C L A S S I F I E D  
ORNL- LR-OWG 62212 

Correlation of f lm yT With the Sum o f  the Mole Fract ions 

of TBP and H20 in the H20 -Saturated TBP--Amsco 125-82 

Organic Phase, 

Fig. 2 .  



U N C L A S S I F I E D  
ORNL-LR-DWG 62299 

Correlation of Parameter 8 With the Sum of the Mole 

Fractions of TBP and H20 in the H20 - Saturated TBP--Amsco 

125 - 82 Organic Phase. 

Fig. 3. 



where YO i s  the mole fraction of TBP i n  the water-saturated acid-free TBP-Amscof- 
TBP 

H 2 0  solution, 

YO i s  the corresponding mole fraction of H20. 
" 2 0  

The "goodness" o f  the f i t  o f  a l l  the 109 sets of  data to  eq. 12 i s  shown i n  Figs. 2 and 3, 

where the data points correspond to anti log A and antilog (-B) from Table VII, while 

the lines correspond to the least-squares f i t  to eq. 12. 

Values of the various constants, their standard deviations, and the standard deviation 

of log F4, i.e., the logarithm on the left-hand side of eq. 12 are: 

o 
log F4 = 0.05582 

The standard deviation of log F4, i.e., a , corresponds to a standard deviation 
log F4 

of F4 of 13.7% of its value; each of the three constants B. has a relative standard deviation 
I 

of  2.2-3.3% of  its value. 

Complex Forma tion 

Two basically different interpretations of  data on the extraction o f  n i t r ic  acid by 

'TBP-di luent solutions have been published. The first, as represented by workers at  Haswe l l 

(1-4,6), ascribes much of  the deviation of  the system from ideal i ty to changes i n  act iv i ty 

coefficients of  species in  the organic phase as wel l  as i n  the aqueous phase. A second 
u 

interpretation (9,10,12,13) postulates the formation of  complexes of the type TBP.2HN03, 
-- 

* The molecu l a ~  weight o f  Amsco 125-82 i s  assumed to be 185.0 for the purpose of cal- 
culations i n  this report unless otherwise stated. 



Table VII. Fit of H N 0 3  Extraction Data to Equation 1 

Nominal TBP Std. Dev. Std. Dev. 
Conc in  Coefficient B, of B, Number of of Data 
Amsco, Coefficient Std. Dev. kg TBP kg TBP Sets of from 
Vol % A of A mole HNO? mole HNO? Points Eq. 1 Anti log A 
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TBP03HNO3, and TBP-4HN03, in addition to complexes such as TBP-H20, TBP0HNO3, 

and TBP*HN030H20, without consideration of changes i n  act iv i ty coefficients. 

Measurement of  the densities and water contents, as wel l  as acidities, of  the organic 

solutions (Tables I-VI) provide a partial basis for determining the mechanism of H N 0 3  

extraction. First, solutions containing 5 to730 vol % TBP i n  Amsco show an increase i n  

water content as the organic phase acidity increases from 0 to 0.5 - mor higher; second, 

solutions containing -60 to 100 vol % TBP i n  Amsco in i t ia l ly  show a decrease i n  water 

content as the acidity increases from 0; third, alb solutions gain approximately 2 moles 

of H N 0 3  for each mole o f  H 2 0  lost when the organic phase acidi ty i s  i n  the region 

1.5 to 4 - m (Fig. 4), The relation between H 2 0  concentration and H N 0 3  concentration 

in the organic phase at low values of  the latter suggests, i n  addition to reaction 1, the 

reactions* 

L_ 

H N O  + TBP*H20 ---7 TBP0HNO3'H20 
3aq OQ 

The in i t ia l  slopes of the ( H N O ~ ) ~  vs. ( ~ ~ 0 ) ~  for 10 and 15 vol % TBP i n  Amsco, 
erg erg 

for example (Fig. 41, indicate an increase of -0.15 mole H20/kg TBP as the H N 0 3  con- 

centration increases from 0 to 0.5 mole/kg BBP. This corresponds to relative extents of  

reactions 1 and 13 of  about 2 to 1. However, as the TBP concentration i n  the diluent in-  

creases, reactions 1 and 13 become less important whi le reaction 14 becomes predominant. 

* The term HN03aq i s  used i n  equations of this report rather than H* * NO3iq for con- 
a q 

venience since the two representations are identical, The nitr ic acid act iv i ty  can be 
calculated only one way, that i s  by eq. 9 or 10, Since undissociated and dissociated 
components of n i t r ic  acid are related by an equilibrium constant, the only difference 
i n  the use of  H N O C J ~ ~  and Gq * NOjaq i s  the interpretation of  the thermodynamic 
extraction constant. 



UNCLASSIFIED 
ORNL-LR-DWG 60745 

100% TBP; 65% TBP; A 3 0 X T B P ;  

0 1 2 3 4 
(HNO Irn HN03 CONCENTRATION IN  3 erg ' 

ORGAN l C  PHASE, ( moles /kg TBP) 

Effects of HN03 and Diluent on the Distribution 
of H20 into the Organic Phase. 

Fig. 4. 
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The slopes of the curves in Fig. 4 in the range 1.4 to 4 m acid in the organic - 

phase suggest reaction 15: 

which does not appear to have been proposed previously. In the case of 65 vol % TBP 

in Amsco, for which the maximum sets of data are available, eq. 15 applies in this 

higher acidity region within the small limits of uncertainty of the analytical methods. 

Between about 0.4 and 1.4 - m H N 0 3  in  the diluent-free TBP case, acidity increases 

without a change in  the water concentration, corresponding to reaction 13. 

DISCUSSION 

The argument of the logarithm of eq. 11  has been described frequently i n  the 

literature, as indicated earlier in this report, as representing, except for organic-phase 

activity coefficients, the equilibrium of  reaction 1; i.e., i n  the notation of the present 

report, 

However, since the present and other work have presented strong evidence for formation 

of the compound TBP*HN03'H20 in addition to rBP0HNO3 at low acidities and TBP-2HN03 

at higher acidities, and since the quantity (3.75493 - ( H N O ~ ) ~  ) i s  defined by eq. 17 
erg 

provided the aqueous acidity does not exceed -5 M I  - 



interpretation of eq. 1 1 in terms of reaction 1 i s  an oversimplification. Therefore, 

unti l the acidity i s  high enough for the quantity ( T B P * ~ H N O ~ ) ~  in  eq. 17 to be 
erg 

significant, the argument of eq. 1 1  i s  equivalent to 

( T B P - H N O ~ ) ~  orcl + ( T B P - H N O ~ H ~ O ) ~ ~ ~  

m 
When equating this to a term K ~ Y  /Y in which K i s  a constant, presumably repre- 

1 a -rN 1 

senting the combined reactions 1,13, and 14, i t  i s  appropriate to consider Y as a mean 
T 

activity coefficient for the species 'TBP and TBP.H20 and Y as a mean activity 
TN 

coefficient for the species TBP.HN03 and TBP.HN03.H20 i n  the organic phase. There 

does not appear to be any way of calculating the quantity of each of these species under 

m 
any conditions since only three quantities are known, namely, (TBPS) = 3.75493, 

erg 

(HN03)rrg, and ( ~ ~ 0 ) ~  , in equations involving four species plus four act ivi ty coefficients. 
erg 

m 
On the basis of this model, the plot of Fig. 1 is, except for the constant K , a plot 

1 

of (log Y -log YTN) VS. ( ~ ~ 0 3 ) ~  , giving a correlation of act ivi ty coefficients in  the 
T erg 

organic phase reminiscent of the well known Setschenow correlation for aqueous solutions 

(21,22). In addition, intercepts of plots such as in  Fig. 1, or antrlogarithms of values A of 

Table VII, give K~ Y / Y  at ( H N O ~ ) ~  = 0. Since we can choose Y = 1 when 
1 T TN erg TN 

( ~ ~ 0 3 ) ~  = 0, the intercepts correspond to K~ Y not to the equilibrium constant 
erg 1 T' 

itself. As shown in  Table VII, experimental values of this quantity vary from 0.263 for 5% 

TBP in  Amsco 125-82 to 1.49 (moles H N O d k g  "free" TBP) (moles HNO/kg in  

the di luent-free TBP. 'the extrapolated value corresponding to 0% TBP, i-e., B equals 1' 



0.2282 with a standard deviation of 0.0076. The quantity B of this report i s  
1 

approximately equivalent to the value 0.16 of Alcock et al. (1) which, in  terms of 

C C 
the present report, equals K y , where K i s  a molar equilibrium constant and y the 

1 T 1 T 

molar activity coefficient of TBP+ 'rBP.H20 infinitely dilute in  Amsco 125-82 and 

saturated with water. The quantity B of this report should not be equated to the 
1 

value of -0.2 of Rozen and Khorkhorina (14) since the latter i s  consldered to apply at 

a l l  concentrations of TBP i n  the di luent. The quantity K~ Y for di luent-free TBP, i.e., 
1 T 

1.49 in molal units or 1.499 in  molar units, corresponds to the K1 of Damiani and 

Fattore (13), who state its value to be about unity when the aqueous nitric acid concen- 

tration i s  0-0.5 M . - 

Equation 12 contains two independent variables, namely (HN03) and 
erg 

+ YO ), the organic phase concentration of nitric acid and the sum of the mole (YYBP H 2 0  

fractions of 'TBP and water in the acid-free water-saturated organic phase. The latter 

0 
variable can be replaced by its equivalent ( 1  - YDil), where YO i s  the mole fraction 

D i  l 

of the diluent in  the acid-free water-saturated organic phase. The significance of this 

variable i s  that i t  i s  a constant for any particular solution of TBP in Amsco 125-82, and 

that i t  i s  basically a measure of the solubility of water in  the TBP-Amsco solution. 

The interpretation of the data, as given above, corresponds to representing the 

activity coefficients Y and Y by eqs. 18-20, 
T TN 



the last of which represents the mean activity coefficient of the complexes TBPeHN03 

and TBP-HN03*H20. The value of 7 tends to unity as the concentration of TBP and 
TN 

of H N 0 3  i n  the di luent tend to zero. Thus Y and YTN have different standard states: 
T 

that of the former i s  pure anhydrous TBP, that of the latter i s  infinite dilution of TBP.HN03- 

TBP-HN03*H20 i n  the diluent. The relation between the alternative standard state for 

TBP, namely, infinite dilution in diluent, and the one chosen for use in  this report, namely, 

pure anhydrous TBP, cannot be given at the present time since the value of Y for water- 
8 T 

saturated TBP i s  not known. Efforts to obtain this quantity have been started in  this 

laboratory by Faure and Davis (23), who found the vapor pressures of TBP over water- 

saturated and nearly dry TBP to be -0.51 and -0.8 p, respectively. 
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CONCLUSIONS 

The distribution of n i t r ic  acid between TBP--Amsco 125-82 solutions and aqueous 

solutions, up to -5 M - i n  the latter phase, i s  accurately described by eq. 1 1  for any 

particular weight ratio, W 
~i I '~TBP , of  Amsco to TBP. AI l data i n  a l  l TBP-Amsco 

solutions are quantitatively described by eq. 12. These equations should prove useful 

for interpreting solvent extraction data and evaluating the effects of  the di luents, which 

are not described by "regular" solution theory. The data are consistent with the existence 

of  the complexes TBP. H20, TBP- HNO3, 'TBP- HNO3. H20, and TBP*2HN03, the last of  

which i s  possibly formed by reaction 15. Unless i t  i s  assumed that the act iv i ty  coefficient 

of  each of these species and that of uncomplexed TBP i s  uni ty and independent of  any 

concentration, there are not enough measurable variables to a1 low calculation o f  the 
8 

quantities o f  each species present. 
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