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INTRODUCTION TO THE SOLUBILITY DATA SERIES
SOLUBILITY OF SOLIDS IN LIQUIDS
NATURE OF THE PROJECT

The Solubility Data project (SDP) has as its aim a comprehensive review of published data
for solubilities of gases, liquids and solids in liquids or solids. Data of suitable precision are
compiled for each publication on data sheets in a uniform format. The data for each system are
evaluated and, where data from independent sources agree sufficiently, recommended values are
proposed. The evaluation sheets, recommended values, and compiled data sheets are published on
consecutive pages.

COMPILATIONS AND EVALUATIONS

The formats for the compilations and critical evaluations have been standardized for all
volumes. A description of these formats follows.

Compilations

The format used for the compilations is, for the most part, self-explanatory. Normally, a
compilation sheet is divided into boxes, with detailed contents described below.

Components: Each component is listed according to IUPAC name, formula, and Chemical
Abstracts (CA) Registry Number. The Chemical Abstracts name is also included if this differs from
the IUPAC name, as are trivial names if appropriate. IUPAC and common names are
cross-referenced to Chemical Abstracts names in the System Index.

The formula is given either in terms of the IUPAC or Hill (1) system and the choice of
formula is governed by what is usual for most current users: i.e., IUPAC for inorganic compounds,
and Hill system for organic compounds. Components are ordered on a given compilation sheet
according to:

(a)  saturating components:

(b)  non-saturating components;

(c)  solvents.

In each of (a), (b) or (c), the components are arranged in order according to the JIUPAC 18-
column periodic table with two additional rows:

Columns 1 and 2:  H, alkali elements, ammonium, alkaline earth elements
Columns 3 to 12:  transition elements
Columns 13 to 17:  boron, carbon, nitrogen groups; chalcogenides, halogens

Column 18: noble gases
Row 1: Ce to Lu
Row 2: Th to the end of the known elements, in order of atomic number.

The same order is followed in arranging the compilation sheets within a given volume.

Original Measurements: References are abbreviated in the forms given by Chemical Abstracts
Service Source Index (CASSI). Names originally in other than Roman alphabets are given as
transliterated by Chemical Abstracts. In the case of multiple entries (for example, translations) an
asterisk indicates the publication used for compilation of the data,

Variables: Ranges of temperature, pressure, etc. are indicated here.

Prepared by: The names of all compilers are given here.

Experimental Values: Components are described as (1), (2), etc., as defined in the
"Components" box. Data are reported in the units used in the original publication, with the
exception that modern names for units and quantities are used; e.g., mass per cent for wclght per
cent; mol dm for molar; etc. Usually, only one type of value (e.g., mass per cent) is found in the
original paper, and the compiler has added the other type of value (e.g., mole per cent) from
computer calculations based on 1989 atomic weights (2). Temperatures are expressed as ¢/°C, t/'F
or T/K as in the original; if necessary, conversions to 7/K are made, sometimes in the compilations
and always in the critical evaluation. However, the author’s units are expressed according to IUPAC
recommendations (3) as far as possible.

Errors in calculations, fitting equations, etc. are noted, and where possible corrected.
Material inserted by the compiler is identified by the word "compiler" or by the compiler’s name in
parentheses or in a footnote. In addition, compiler-calculated values of mole or mass fractions are
included if the original data do not use these units. If densities are reported in the original paper,
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conversions from concentrations to mole fractions are included, but otherwise this is done in the
evaluation, with the values and sources of the densities being quoted and referenced.

Details of smoothing equations (with limits) are included if they are present in the original
publication and if the temperature or pressure ranges are wide enough to justify this procedure and
if the compiler finds that the equations are consistent with the data.

The precision of the original data is preserved when derived quantities are calculated, if
necessary by the inclusion of one additional significant figure. In some cases, compilers note that
numerical data have been obtained from published graphs using digitizing techniques. In these
cases, the precision of the data can be determined by the quality of the original graph and the
limitations of the digitizing technique. In some cases graphs have been included, either to illustrate
data more clearly, or if this is the only information in the original. Full grids are not usually inserted
as it is not intended that users should read data from the graphs.

Method: The apparatus and procedure are mentioned briefly. Abbreviations used in
Chemical Abstracts are often used here to save space, reference being made to sources of further
detail if these are cited in the original paper.

Source and Purity of Materials: For each component, referred to as (1), (2), etc., the
following information (in this order and in abbreviated form) is provided if available in the original
paper: source and specified method of preparation; properties; degree of purity.

Estimated Error: 1f estimated errors were omitted by the original authors, and if relevant
information is available, the compilers have attempted to estimate errors (identified by "compiler” or
the compiler’s name in parentheses or in a footnote) from the internal consistency of data and type
of apparatus used. Methods used by the compilers for estimating and reporting errors are based on
Ku and Eisenhart (4).

Comments and/or Additional Data: Many compilations include this section which provides
short comments relevant to the general nature of the work or additional experimental and
thermodynamic data which are judged by the compiler to be of value to the reader.

References: The format for these follows the format for the Original Measurements box,
except that final page numbers are omitted. References (usually cited in the original paper) are
given where relevant to interpretation of the compiled data, or where cross-reference can be made
to other compilations.

Evaluations

The evaluator’s task is to assess the reliability and quality of the data, to estimate errors
where necessary, and to recommend "best" values. The evaluation takes the form of a summary in
which all the data supplied by the compiler have been critically reviewed. There are only three
boxes on a typical evaluation sheet, and these are described below.

Components: The format is the same as on the Compilation sheets.

Evaluator: The name and affiliation of the evaluator(s) and date up to which the literature
was checked.

Critical Evaluation:

(a) Critical text. The evaluator checks that the compiled data are correct, assesses their
reliability and quality, estimates errors where necessary, and recommends numerical values based on
all the published data (including theses, patents and reports) for each given system. Thus, the
evaluator reviews the merits or shortcomings of the various data. Only published data are
considered. Documented rejection of some published data may occur at this stage, and the
corresponding compilations may be removed.

The solubility of comparatively few systems is known with sufficient accuracy to enable a set
of recommended values to be presented. Although many systems have been studied by at least two
workers, the range of temperatures is often sufficiently different to make meaningful comparison
impossible.

Occasionally, it is not clear why two groups of workers obtained very different but internally
consistent sets of results at the same temperature, although both sets of results were obtained by
reliable methods. In such cases, a definitive assessment may not be possible. In some cases, two or
more sets of data have been classificd as tentative even though the sets are mutually inconsistent.

(b) Fitting equations. If the use of a smoothing equation is justifiable the evaluator may
provide an equation representing the solubility as a function of the variables reported on all the
compilation sheets, stating the limits within which it should be used.

(c) Graphical summary. In addition to (b) above, graphical summaries are often given.

(d) Recommended values. Data are recommended if the results of at least two independent
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groups are available and they are in good agreement, and if the evaluator has no doubt as to the
adequacy and reliability of the applied experimental and computational procedures. Data are
reported as tentative if only one set of measurements is available, or if the evaluator considers some
aspect of the computational or experimental method as mildly undesirable but estimates that it
should cause only minor errors. Data are considered as doubtful if the evaluator considers some
aspect of the computational or experimental method as undesirable but still considers the data to
have some value where the order of magnitude of the solubility is needed. Data determined by an
inadequate method or under ill-defined conditions are rejected. However, references to these data
are included in the evaluation together with a comment by the evaluator as to the reason for their
rejection.

(e) References. All pertinent references are given here, including all those publications
appearing in the accompanying compilation sheets and those which, by virtue of their poor precision,
have been rejected and not compiled.

(f) Units. While the original data may be reported in the units used by the investigators, the
final recommended values are reported in SI units (3) when the data can be accurately converted.

QUANTITIES AND UNITS USED IN COMPILATION AND EVALUATION OF SOLUBILITY
DATA

Mixtures, Solutions and Solubilities

A mixture (5) describes a gaseous, liquid or solid phase containing more than one substance,
where the substances are all treated in the same way.

A solution (5) describes a liquid or solid phase containing more than one substance, when for
convenience one of the substances, which is called the solvent, and may itself be a mixture, is treated
differently than the other substances, which are called solutes. If the sum of the mole fractions of
the solutes is small compared to unity, the solution is called a dilute solution,

The solubility of a solute 1 (solid, liquid or gas) is the analytical composition of a saturated
solution, expressed in terms of the proportion of the designated solute in a designated solvent (6).

"Saturated” implies equilibrium with respect to the processes of dissolution and precipitation;
the equilibrium may be stable or metastable. The solubility of a substance in metastable equilibrium
is usually greater than that of the same substance in stable equilibrium. (Strictly speaking, it is the
activity of the substance in metastable equilibrium that is greater.) Care must be taken to
distinguish true metastability from supersaturation, where equilibrium does not exist.

Either point of view, mixture or solution, may be taken in describing solubility. The two
points of view find their expression in the reference states used for definition of activities, activity
coefficients and osmotic coefficients.

Note that the composition of a saturated mixture (or solution) can be described in terms of
any suitable set of thermodynamic components. Thus, the solubility of a salt hydrate in water is
usually given as the relative proportions of anhydrous salt in solution, rather then the relative
proportions of hydrated salt and water.

Physicochemical Quantities and Units

Solubilities of solids have been the subject of research for a long time, and have been
expressed in a great many ways, as described below. In each case, specification of the temperature
and either partial or total pressure of the saturating gaseous component is necessary. The
nomenclature and units follow, where possible, ref. (3)

A note on nomenclature. The nomenclature of the IUPAC Green Book (3) calls the solute
component B and the solvent component A. In compilations and evaluations, the first-named
component (component 1) is the solute, and the second (component 2 for a two-component system)
is the solvent. The reader should bear these distinctions in nomenclature in mind when comparing
equations given here with those in the Green Book.

1. Mole fraction of substance 1, x, or x(1):

x o= nlyon g

sul

where n is the amount of substance of s, and ¢ is the number of distinct substances present (often
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the number of thermodynamic components in the system). Mole per cent of substance 1 is 100 x,.

2. Ionic mole fractions of salt i, x; ., x; :
For a mixture of s binary salts i, each of which ionizes completely into v;, cations and v;_ anions,
with v; = v;, + v, and a mixture of p non-electrolytes k, of which some may be considered as

solvent components, a generalization of the definition in (7) gives:

v v_x,
x‘i - vx‘xi , x-‘ = —fxl = 1.8
> v 2
1+E v j-l)xj
J=1
Xy
X, = ————— k= (s+D..c
ok s [3]
1 +E (v j-l)xj
j=
The sum of these mole fractions is unity, so that, withc = s + p,
5 [4
Y Gex ey xy =1 [4]

t=] i=s+]

General conversions to other units in multicomponent systems are complicated. For a three-
component system containing non-electrolyte 1, electrolyte 2 and solvent 3,

v +2xol " x~2 [5]
Vo~ (V-1

X 2
v ,-(v,-D)x,,

These relations are used in solubility equations for salts, and for tabulation of salt effects on
solubilities of gases.

3. Mass fraction of substance 1, wy or w(1):

Wy =8l 8 1l

s=1

where g is the mass of substance s. Mass per cent of substance 1 is 100 w;. The equivalent terms
weight fraction, weight per cent and g (1)/100 g solution are no longer used.

4. Solute mole fraction of substance 1, x, ;:

C, C/
Xy = ml/El m, = xllzl: X, (7]
5= sa

where ¢’ is the number of solutes in the mixture. These quantities are sometimes called Jinecke
mole (mass) fractions (8, 9). Solute mass fraction of substance 1, Wq.1» is defined analogously.

5. Solvent mole fraction of substance 1, X, qt

4
xv,l = xl/E xs [8]

s=1

Here, p is the number of solvent components in the mixture. Solvent mass fraction of substance 1,
Wy 1, is defined analogously.




6. Molality of solute 1 in a solvent 2, my:

(]

m, = nfn, M,

SI base units: mol kg’l. Here, M, is the molar mass of the solvent.

& 7. Aquamolality, Solvomolality of substance 1 in a mixed solvent with components 2, 3 (10),
my

m® = m MM, (10]

SI base units: mol kg'l. Here, the average molar mass of the solvent is
M = x ,M,+(1-x, )M, (1]

and x, , is the solvent mole fraction of component 2. This term is used most frequently in discussing
comparative solubilities in water (component 2) and heavy water (component 3) and in their
mixtures.

8. Amount concentration of solute 1 in a solution of volume V, ¢;:
¢, = [formula of solute] = n/V (12]

SI base units: mol m™. The symbol ¢; is preferred to [formula of solute], but both are used. The
old terms molarity, molar and moles per unit volume are no longer used.

9. Mass concentration of solute 1 in a solution of volume V, py:

p, = &glV =cM[V (13]
SI base units: kg m3,

10. Mole ratio, r,, |, (dimensionless):

Ttz = Myl (14]

Mass ratio, symbol Tm,12> May be defined analogously.

11. Ionic strength, I, (molality basis), or I, (concentration basis):

1 1
I, ==Y mzl, I ==Y cz [15]

where z; is the charge number of ion i. While these quantities are not used generally to express
solubilities, they are used to express the compositions of non-saturating components. For a single
salt i with ions of charge numbers z, z,,

I, = |zz_lvm, I, = |z,z_|ve [16]

Mole and mass fractions and mole ratios are appropriate to either the mixture or the solution
point of view. The other quantities are appropriate to the solution point of view only. Conversions
between pairs of these quantities can be carried out using the equations given in Table 1 at the end
of this Introduction. Other useful quantities will be defined in the prefaces to individual volumes or
on specific data sheets.

Salt hydrates are generally not considered to be saturating components since most solubilities
are expressed in terms of the anhydrous salt. The existence of hydrates or solvates is noted carefully
the critical evaluation.




Mineralogical names are also quoted, along with their CA Registry Numbers, again usually in

in the text, and CA Registry Numbers (where available) are given usually in the critical evaluation.

In addition to the quantities defined above, the following are useful in conversions between
concentrations and other quantities.

12. Density, p:

p=glV=3p, (17

s=1

SI base units: kg m™. Here g is the total mass of the system.

13. Relative density, d = p/p®: the ratio of the density of a mixture at temperature f, pressure
b to the density of a reference substance at temperature ¢/, pressure p’. For liquid solutions, the
reference substance is often water at 4°C, 1 bar. (In some cases 1 atm is used instead of 1 bar.)
The term specific gravity is no longer used.

Thermodynamics of Solubility

Thermodynamic analysis of solubility phenomena provides a rational basis for the
construction of functions to represent solubility data, and thus aids in evaluation, and sometimes
enables thermodynamic quantities to be extracted. Both these aims are often difficult to achieve
because of a lack of experimental or theoretical activity coefficients. Where thermodynamic
quantities can be found, they are not evaluated critically, since this task would involve examination
of a large body of data that is not directly relevant to solubility. Where possible, procedures for
evaluation are based on established thermodynamic methods. Specific procedures used in a
particular volume will be described in the Preface to that volume.
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Table 1. Interconversions between Quantities Used as Measures of Solubility

c-component Systems Containing ¢ - 1 Solutes i and Single Solvent ¢

X; W; m, c
x; =
X; 1 1 1 1 1
c-1 1 c- m] 1 p c- c] b{]
1+ —-1+3"]—-1 1+ +y 1+ “‘M.-)*E | iy p—
"[ Wi ’Z‘( M, ] i] mM, e m; c(c' moe\ M.
wi -_ 1 w‘ l CiMi
el c-1 —p
1ol Ly, > —‘1 [1+meM,]
Ml i J#i c .- j#i
m; =
1 1 m 1
c-1 §
NS> L5 oS ep)n
{ X i xi] { W, ja W,] el
C; = o ow .
i 1 ¢
Mi 1 c-1
M+M, _-1 E(_" ]—‘ oy 1*}2;M/‘mj +M,
Xi I c x; i i

p - density of solution; M, - molar masses of i. For relations for 2-component systems, set summations to 0.




PREFACE

This volume contains critically evaluated data on the solubility of
actinide nitrates as a function of temperature in agqueous and organic
solvents. The data are presented in two forms: tables of the original
experimental values which were obtained from research publications; and,
recommended values. A discussion describing the rationale for selecting
and rejecting data fitted to the solubility equation is included. Where
there are sufficient data, recommended values were computed from this
equation. Recommended solubilities as a function of temperature are given
for uranyl nitrate where the equilibrium solids are the hexahydrate,
trihydrate and dihydrate; and for thorium nitrate, where the equilibrium
solids are the pentahdyrate and the tetrahydrate.

Equilibrium solid phases for nonactinide solids such as aluminum nitrate
and other nitrates, ice and uranyl nitrate etherates are identified.
Phase diagrams for the uranyl nitrate-water, uranyl nitrate-water-nitric
acid, uranyl nitrate-water-ether, and thorium nitrate-water systems are
included. The uranyl nitrate and thorium nitrate binary systems with
water cover the temperature range 220K to 450K. The ternary system uranyl
nitrate-water-diethyl ether was constructed over the temperature range
248K to 323K.

The tabulation of original measurements also includes densities when
these data have been published with the solubility measurements.

The literature was searched from 1900 to June 1992. By far, the largest
number of publications contain data for uranyl nitrate, followed by
thorium nitrate with much less for plutonium and neptunium nitrates. No
references were found to data for the solubility of americium nitrate in
Chemical Abstracts.

The uranyl nitrate section is organized into aqueous and organic systenms.
The aqgueous systems consist of the binary uranyl nitrate-water; ternary
systems with added nitric acid or a salt such as potassium nitrate; and,
a multicomponent system. The organic system consists of a uranyl nitrate
solid, water, organic solvents and a diluent. The organic solvents are
organized into sections with esters, alcohols, ketones/aldehydes, ethers,
other organics and phosphates. The thorium, plutonium and neptunium
nitrates sections are also organized into aqueous and organic systems.
Because there is much less data than for uranium, the organic systems for
these three actinides are organized according to the year of publication.

Thanks are given to Mark Salomon and Jack W. Lorimer for their reviews
and comments of the draft copies of this volume.

S. Siekierski
Warsaw, Poland

S. L. Phillips
Orinda, California U.S.A.
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COMPONENTS: EVALUATOR:
(1) Uranyl nitrate; Uoz(NOB)Z; S. Siekierski
[15905-86=-9] Warsaw, Poland
and
(2) Water; H,0; [7732-18-5] S. L. Phillips
Oorinda, California U.S.A.

CRITICAL EVALUATION:

THE BINARY SYSTEM
INTRODUCTION
Measurements of the solubility of U02(N03)2 in water used for this
evaluation were obtained from 26 publications (1,3,5,7~12,14,16-25,28-30,
34,35,37). The data are mainly from systematic studies of the solubility
of uranyl nitrate as a function of temperature. Some of these data were
included in studies involving ternary systems such as uranyl nitrate,
nitric acid and water. Other data were obtained in investigations of
mixed solvent systems, e.g. aqueous and organic solutions. This work
considered over 100 values of the solubility of uranyl nitrate in water
covering a temperature range from the eutectic point with ice, about
254 K, to the congruent melting point of the salt dihydrate, about
456 K. The most commonly used laboratory method in measuring solubility
as a function of temperature is the isothermal analytical method at
several different temperatures. Most publications do not include the

experimental errors. Selected data are given in Tables 1, 6, 9 and 13.

The following solid phases of uranium nitrate are known:

Formula Hydrate CA Registry
U02(N03)2.6H20 Uranium nitrate hexahydrate [13520~-83~7]
UOZ(N03)2.3H20 Uranium nitrate trihydrate {20651-50~7]
U02(N03)2.2H20 Uranium nitrate dihydrate [16071~05-9])
Uoz(Noa)z'Hzo Uranium nitrate monohydrate
U02(N03)2 Anhydrous uranium nitrate [10102-06-4]

In addition to these, Germann (4) claimed the existence of a salt with

24 hydrated waters which forms spontaneously at about -35% (238 K), and
which decomposes at -20% (253 K). In the binary systenm U02(N03)2 - Hzo'
the hexa-, tri- and dihydrates have been identified as the solids present
at equilibrium in the temperature range 253 - 460 K. The invariant points
reported for the binary system are given in Table 2. There is conflicting

evidence in the literature concerning the eutectic temperature for the

hexahydrate and ice. According to Vasil’ev (3), the eutectic temperature
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Table 1. Summary of the solubility of UOZ(NOB)2 in the binary system
Uoz(N03)?.6H20 - Hzo in the temperature range 253 K to 334 K,
considered for fitting to Eg 1.

Solubility Solubility
T/K nol /kg Ref. T/K mol/kg Ref.
253.15 2.1085 12 *298.15 3.213 25
255.05 1.921 3 *298.15 3.217 8
261.05 2.119 3 *298.15 3.219 25
261.65 2.182 8 *298.15 3.22 21
*267.65 2.387 8 *298.15 3.22 30
268.95 2.099 8 *298.15 3.223 28,29,35
*270.95 2.414 3 298.15 3.04 18
273.15 5.756 9 *298.15 3.23 34
*273.15 2.482 3 *298.15 3.240 5,7
*273.15 2.49 28,29,30,34 %298.15 3.246 25
*273.15 2.52 21 *298.15 3.26 23
*273.1% 2.477 25 298.15 3.3 20
*273.15 2.488 25 298.75 3.385 3
*278.15 2.67 21 305.05 3.728 24
*278.65 2.594 8 305.65 4.00 12
*278.85 2.671 12 *308.15 3.825% 35
*280.75 2.702 8 *309.25 3.851 8
*283.15 2.75 21 *309.85 4.011 3
*285.45 2.846 3 *316.75 4.551 8
287 1.25 1 *318.35 4.734 3
287.15 2.94 24 *323.15 5.218 25
*288.15 2.839 8 *323.15b 5.27 22
*288.15 2.84 21 *324.95 5.329 3
*288.15 2.85 30 *327.65 5.993 8
289.45 2.98 12 *329.25 6.510 8
*291.45 2.98 12 330.15% 7.900 24
*293.15 2.98 19 *330.55 6.779 8
*293.15 2.990 16 *331.35 7.272 8
*293.15 3.028 8 *331.8 c 7.884 8
*293.15 3.028 9 332.15 8.50 24
*293.]5a 3.03 21 333.1§c 9.27 24
*293.55 3.08 24 333.4 c 9.250 3
294.25 3.178% 8 334.15 8.64 24
296.35 3.31 24

a
Mean temperature.

bTemperature according to Ref. (8). There must be a typographical
error in Chem. Zentr. 1910, 11, 1527.

CMetastable equilibrium.

dTemperature of the congruent melting point of the hexahydrate
(3). The corresponding molality was calculated by the evaluators.

*Used in fitting to Eq 1.
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is 255.1 K, whereas Harmon (12) finds 253.2 K. Perova (21) reports that
the lowest eutonic point, the invariant point where two solid phases
and one liqguid phase are in equilibrium, is 2563.8 K for the ternary

system UOZ(NO3)2 - HNO, - H,0. This means that the eutectic temperature

3
for the hexahydrate and ice must exceed 253.8 K.

EVALUATION PROCEDURE

Certain data were rejected because of obvious errors, e.g. inconsistency
with other other data. Experimental values and congruent melting point
calculated molalities were used. In addition, data points obtained by an

extrapolation to zero HNO, concentration for values in the ternary system

3
UOZ(NO3)2 - HNO3 - Hzo were also used in the analysis. These data were
fitted initially to the general solubility equation, Eg 1, with d = 0.

Y = 1n (m/mo) - (m/mo - 1) =a+ b/T+ ¢ 1n (T) + d (T) (1)
In Eq 1, m is the solubility of the solute in units of mol/kg, at the

temperature T/K; m_ is the molality at the congruent melting point;

o]
and the values of a, b, ¢ and d are obtained from the fitting of the
solubility data to Eq 1.

Statistical analysis utilized the criterion that a data point would be
rejected when the absolute value of the residual exceeded the product of

the standard error of the estimate, o and the value of Grubbs

v’
parameter k (15) at the 0.05 significance level exceeded k0.050Y°

A data point in this category was defined as an outlier, and rejected.
The value of k0.05 changes from 2.29 for n = 10, to 2.71 when n = 25,
where n is defined as the number of data points. When there was more than
one outlier, only the data point with the highest absolute value of the
residual was rejected. Iterative data fitting continued until absolute
values of the residuals were less than the value of ko.osov.
SOLUBILITY IN THE SYSTEM UO 0] 6H O -

Some publications reporting solubility values do not specifically
identify the hexahydrate as the solid phase present under equilibrium

conditions. However, the presence of the hexahydrate can only be
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questioned at temperatures near the hexahydrate - trihydrate phase
transition, or when the temperature is below 270 K. The incongruent
melting point for the hexahydrate occurs about 332 -~ 333 K, whereas the
congruent melting point is at 333.4 K. See the summary in Table 2. From
an inspection of the preliminary solubility curve in Figure 1, it can be
concluded that the molality at the hexahydrate incongruent melting point
is about 8.2 mol/kg. For this reason, all data points with temperatures
below 333 K and with molalities less than 8.2 mol/kg were assigned to
the stable hexahydrate, whereas those values which are below 334 K but
which exceed 8.2 mol/kg in concentration have been assigned to the
metastable hexahydrate. Those data points assigned to temperatures above
334 K are lower hydrates. With these assumptions, only the point for

T = 334 K and m = 8.64 mol/Kg is somewhat arbitrary for the hexahydrate.
Two data points can be rejected immediately. De Conninck (1) reports that
the solubility of uranyl nitrate for a temperature of about 287 K is one
part in two parts of water, or 1.25 mol/kg. However, this value is lower
than those reported by other researchers near this temperature by about
1.6 mol/kg, and is therefore rejected. The solubility of 69.40 mass %,
5.756 mol/kg, reported by Misciattelli (9) is far too high, and is also
rejected. There appears to be a typographical error in the tabulation of
Ref. 9, because the phase diagram shows the solubility at 273.2 K as

50 mass %, or 2.54 mol/kg. Twelve solubility values at 298.2 K have been
reported. Of these twelve, the two values of 3.04 mol/kg (18) and of

3.3 mol/kg (20) are outliers according to the Grubbs test (15) and these
were therefore rejected. Statistical analysis of the remaining data gave
the mean values, standard deviations from the mean, and confidence limits
of solubilities at the standard temperature 298.2 K, and three other
temperatures shown in'Table 3. As can be seen in Table 3, the confidence
intervals of mean solubilities are narrow so that the agreement among
various authors is quite good. It is interesting to note that the

.6D,0 -~ DO system is

3)2 3)2 2 2
2.720 mol/kg (37). This value is considerably lower than in ordinary

solubility of uo, (NO at 298.2 K in the vo, (NO
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water. Other data points were rejected because the solubilities lay
outside the initial solubility -~ temperature plot in Figure 1. This plot
was drawn through points representing average solubilities at given
temperatures, using data from Table 3 with high weighting factors. On the
basis of this plot, the two values published by Guempel (8), 2.099 mol/kg
at 269 K and 3.175 mol/kg at 294.3 K were rejected because the first is )
lower than expected by about 0.3 mol/kg, while the second value is higher
than expected by about 0.1 mol/kg. Nethaway and Lang (24) published data
which appear to have low precision, and generally exhibit a positive
systematic error. Of the eight solubility determinations, those at 287 K,
(m = 2.93 mol/kg), 296.4 K (m = 3.31 mol/kg), 305.1 K (m = 3.79 mol/kg)},
and 330 K (m = 7.90 mol/kg) were reijected because they are higher than
expected from the preliminary plot by 0.1, 0.15, 0.20 and 1.0 mol/kg,
respectively. Harmon’s (12) results were rejected because identical
solubility values (m = 2.98 mol/kg) were found at the two differing
temperatures, 289.5 K an 291.5 K, and the initial solubility plot in
Figure 1 indicates that the value at 289.5 K is about 0.1 mol/kg too
high. A solubility of 4.00 mol/kg at 305.7 K published by Guempel (8) was
also rejected because this value is about 0.4 mol/kg higher than would be
expected. Similarly, the value of 3.385 mol/kg obtained from Vasil’ev (3)
is about 0.15 mol/kg higher than the more accurate solubility at almost

the identical temperature of 298.2 K. Thus, this value was also rejected.

In all, 14 of the data points in Table 1 were rejected during the
initial critical evaluation. Note that values for temperatures

less than 270 K appear lower than expected, based on the extrapolated
portion of the solubility - temperature curve which has been drawn
smoothly through data points at temperatures above 270 K. Data points
below 270 K may represent differing statistical parent populations, as
compared to those above 270 K. This possibility was checked in the

fitting procedure described in the next paragraphs.

The remaining data were fitted to Eq 1, and the values from Vasil’ev (3)
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Table 2. Invariant points in the Uoz(N03)2 - H

Invariant point T/K
eutectic <253.2
>253.8
255.1
hexahydrate to 331.8
trihydrate transition 333
hexahydrate congruent 333.4
trihydrate to
dihydrate transition 386.2
trihydrate congruent 394.7
dihydrate congruent 452.5
457.2
460

8Theoretical value.

20 binary system.

molality Ref.

mol/kg

-— 12
— 21
1.921 3
— 8,10
- 17
9.2512 3
14.02 14,17
18.502 3
27.75 3
27.78 14,17
27.7 10

Table 3. Mean solubilities of UOZ(NO3)2.6H20 in water from repeat
measurements.
m o t o]
Number of m 0.05"m
T/K data points mol /kg mol/kg mol/kg Ref.
273.2 54 2,491 0.0075 0.021 3,21,25,
28
288.2 3 2,843 0.0035 0.015 8,21,30
293.2 5 3,011 0.0010 0.028 8,9,16,
19,21
298.2 10 3.229 0.0048 0.011 5,8,21,
23,25,28,
30,34

m denotes the mean value of solubility; S is the

standard deviation of the mean; ty 05

is t

he Student’s

t statistic at the 0.05 significance level.

8Three data points at 273.2 K, and two at 273.3 K.




COMPONENTS: EVALUATOR:
(1) Uranyl nitrate; Uoz(No3)2; \ S. Siekierski
[15905-86~9] Warsaw, Poland
and
(2) water; H,0; [7732-18-5] S. L. Phillips

Orinda, california U. S. A.

CRITICAL EVALUATION: (Continued)

TIK
350}

340

330 |

320

310

300

290

280

270

260

250

UOz( NO3)26 Hzo

Figure 1. Phase diagram for the UO
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(NO.), - H,O system. The solid
line for the stable hexaﬁydratg phaée and the dashed
lines for the metastable hexahydrate phase were calculated
from the smoothing equation. The solid line for solubility
below 268 K and the solid line for the ice system were
obtained by graphic smoothing. Experimental data: o, from
Ref.3; ¥, from Ref.8;(J, from Ref. 12; + from Ref. 21
and Ref.22; /\, from Ref.24; <, from Ref. 25, 28 and
35; (4, from Ref.32 and Ref.39; e, from mean solubility
values in Table 2.
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at 255.1 K (m = 1.921 mol/kg) and 261.1 K (m = 2.119 mol/Kg) were found
to be outliers according to the Grubbs test. These were therefore
rejected. The residuals for both data points were negative, i.e. the
experimental solubilities were lower than those resulting from the fit.
Of the remaining points, the solubility at 253.2 K (m = 2.105 mol/Kkg)
reported by Harmon (12) and that at 261.7 K (m = 2.182 mol/kg) given by
Guempel (8) are very near to the rejection region. The absolute values
were 2.5 times greater than the standard error of the estimate. Fitting
of these 52 points resulted in the solubility values 2.457, 2.861, 3.047
and 3.267 mol/kg at temperatures of 273.2, 288.2, 293.2 and 298.2 K,
respectively. The standard deviations in the values obtained from the fit
varied from about 0.006 mol/kg at 273.2 K, to about 0.009 mol/kg at

298.2 K. A statistical comparison at the 0.05 significance level showed
that the mean solubilities for replicate measurements at the given
temperatures are not equal to those from the fit. This result suggests
that not all of the data points belong to a single parent population,
with n = 6 for Eq 1. The same conclusion can be drawn from the test of
series which show that positive and negative residuals are organized
separately into broad temperature intervals, rather than following a
random distribution. Therefore, in a third fitting procedure, solubility
values at 253.2 K (m = 2.105 mol/kg) from (12) and at 261.7 K

(m = 2.182 mol/kg) were excluded. Rejection of these data points resulted
in a decrease of the standard error of the estimate, Oys from

0.012 to 0.008, and in a considerable improvement in the distribution
pattern of the residuals. However, the most important result was a
decrease in the difference between mean solubility values calculated from
replicate measurements, and solubility values obtained as a result of the
fitting to Eq 1. The latter values then became: 2.498 mol/kg at 273.2 K,
2.858 mol/kg at 288.2 K, 3.022 mol/kg at 293.2 K,3.242 mol/kg at 298.2K.
Standard deviations in the solubility values obtained from this fit,

o, vary from 0.004 mol/kg at 273.2 K to 0.006 mol/kg at 298.2 K.

The solubility values from the two sets, replicate measurements and the
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fit, are still not equal from a statistical viewpoint at the 0.05
significance level. However, the differences are not of any practical
ﬁmportance. Therefore, no additional fittings were made with the idea to

improve the agreement by rejection of any additional data points.

Results for the analyses with Eq 1 on the solubility of UOZ(NO in the

3)2
3)2.6H20 - H20 system are given in Table 4 and Table 5, and
depicted in Figure 1 and Figure 2. The data reported for the ice - branch

uo,,(No

(3,8,21) are also shown in these figures. The imprecision in solubility
values calculated according to the fitting is given by ito.osam,
where o is the standard deviation in solubility and can be

calculated from the standard error of the estimate. Because solubility
data in the hexahydrate system were published by different researchers,
most of the inaccuracy is included in Op+ SO that the overall
uncertainty in the recommended values is equal to the imprecision

from the fit. This was found to increase from +0.008 mol/kg at 273.2 K,

through +0.012 mol/kg at 298.2 K to +0.05 mol/kg at 328.2 K.

Two explanations can be offered for the apparent lack of compatibility
between data points below 270 K, and those above this temperature. First,
difficulties in obtaining equilibrium at low temperatures may result in
solubilities lower than equilibrium values, the differences increasing
with decreasing temperature. A more plausible explanation is the
existence at equilibrium of a hydrate with more water wolecules than
that of the hexahydrate for temperatures below 270 K. This is in accord
with the general tendency toward an increasing number of hydrated waters
with decreasing temperature. In this context, Germann claimed that a
solid phase with 24 water molecules in the solid hydrate was stable at
low temperatures (4). It should also be noted that thorium nitrate, which
forms a stable penta- or hexahydrate at 298.2 K, crystallizes with about
ten waters in the solid hydrate at 277 K. See the evaluation of the

Th(NO H,0 system in this work. Additional experimental data are

30q = Hy
needed on the solubility of UOZ(NO,;)2 below 270K, to confirm the
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Figure 2. Phase diagram for the uoz(No - H20 system. The solid

3)2
lines represent stable phases and dashes lines are for
metastable phases. These were calculated from smoothing
equation. Solid line for solubility below 268 K and the
s0lid line for the ice system were obtained by graphical
smoothing. Experimental data: o, Ref. 3; v, Ref. 8; o,
Ref. 10; ||, Ref. 14, 17; +, Ref. 21,22; A\, Ref. 24.

COMMENTS:
The molality corresponding to the congruent melting point of the
24-hydrate is 2.1 mol/kg, a value very close to the intersection point
of the solubility curves at about 266 K. Therefore, if a 24-hydrate
exists, its congruemt melting point and the peritectic transition
between the 24-hydrate and hexahydrate must almost coincide.
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Table 4. Values of the parameters and the standard

deviations for the smoothing equation, Eq 1.

Parameter Parameter Standard
Value Deviation
964.618 mol/kg 0.0149
b -23711.09 mol/(kg K) 4.57
c -172.094 mol/kg 0.00261
d 0.3187 0.0000489
m 9.25 mol/kg 0.0149%

8standard error of the estimate.

Table 5. Recommended and tentative solubilities in the systen

a
Uoz(N03)2.6H20, obtained with Eq 1°.

Solubility Solubility
T/K mol /kg T/K mol/kg
258.15 2.17 298.15 3.21
263.15 2.28 303.15 3.44
268.15 2.39 308.15 3.71
273.15 2.49 313.15 4.07
278.15 2.61 318.15 4.53
283.15 2.73 323.15 5.17
288.15 2.87 328.15 6.17b
293.15 3.03 332.15 9.25

8The equilibrated solid may be a hydrate with more than

6 waters in the temperature interval 258.15 ~ 268.15 K.

bCongruent melting point.
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existence and exact composition of a high hydrate phase.

Assuming that the reported data for temperatures below 270 K represent
true equilibrium with respect to a hydrate of unknown composition, then
solubility values in the temperature interval 258.2 < T/K < 268.2 can be
obtained by graphically smoothing the five reported data points at
temperatures below 270 K. We have added two additional data points which
were obtained from extrapolation of solubilities in the system

UOZ(N03)2 - HNO3 - H20 to zero nitric acid concentration. These two
values are 2.1 mol/kg at 258.2 K, and 2.2 mol/kg at 263.2 K (32,39).
Tentative solubility values in the temperature range 258.2 - 268.2 K
obtained in this manner are given in Table 5, and in Figure 1 and

Figure 2. The uncertainty in the tentative solubility values are
estimated at about +0.05 mol/kg. The corresponding solubility values

obtained from the smoothing Eq 1 with n = 6 are 2.17 mol/kg at 258.2 K,

and 2.28 mol/kg at 263.2 K.

SOLUBILITIES IN THE SYSTEM UOZ(N03]2.3H20 - Hao

Since the hexahydrate to trihydrate phase transition temperature is about
333 K and 8.2 mol/kg, and that between the trihydrate and the dihydrate
386 K and 14.0 mol/kg, all data points in the temperature interval 333 K
to 386 K and molalities in the interval 8.2 mol/kg to 14.0 mol/kg have
been assigned to the stable trihydrate branch. Because the congruent
melting point of the trihydrate is 394.7 K and 18.50 mol/kg (Table 2),
data points in the temperature interval 386 K to 395 K and concentrations
between 14.0 mol/kg to 18.5 mol/kg may belong to the metastable
trihydrate branch. The latter appears to be the case for the value at

389 K and 15.3 mol/kg (10).

Four solubility values in the plot of the temperature versus the amount
solubility from (20) have been rejected in this evaluation, because

of the incompatible composition scale used. The value of 11 mol/kg at
346 K was not considered because it exceeded data obtained by others for
similar temperatures by as much as 2 mol/kg. All the results of Lane (11)

and those in the phase diagram (17) are much higher than the data of
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other investigators at similar temperatures, and have therefore been

rejected. It should be noted that in the phase diagram (17), the data
points given by Lane and by Guempel (8) were apparently interchanged.
From an inspection of the preliminary plot of T/K versus m, the results
of Marshall et al. (14,17) appear to be the most precise. Soclubility
values at 363.2 K and 363.2 K published by Perova (22) and Marshall et
al., respectively, agree very well. However, the solubility at 343.2 K
given by Perova is about 0.4 mol/kg greater than that of Marshall et al.
(14,17), and appears to belong to the set of four solubility values
reported by Guempel (8). On the other hand, the five solubilities found
in Benrath (10) are lower than expected from the solubility curve drawn
through the data points of Marshall et al. The reported solubilities
taken into account in the first fitting procedure are given in Table 6.
No outliers were found, although the data point at 367 K, with

m = 10.5 mol/kg (10), was very close to the rejection region.

The results of the analyses for the solubility of UO NO,) , in the system

o

U02(N03)2.3H 0 - H,0 are given in Table 7 and Table 8, and shown in

2
Figure 2. The invariant points with the trihydrate are in Table 2. Since
selubility values in the trihydrate system were reported by four
different groups of researchers, it can be assumed that most of the
inaccuracy is included in the imprecision calculated from the standard
deviation of the estimate. Therefore, the overall uncertainty is simply
equal to ito.osam’ where on is the standard deviation in the

solubility. The overall uncertainty calculated in this manner was found

to be about +0.1 mol/kg at 338.2 K, +0.15 mol/kg at 363.2 K, and #0.3

mol/kg at 383.2 K.

OLUBILITIES IN THE SYSTEM UQ_(NO .2H. 0 - Q

The solubility value of 21.2 mol/kg at 417.35 K reported by Lane (11) is
about 3.5 mol/kg higher than expected, based on the initial plot of

T/K versus m, and was therefore rejected. Data points used for the fit
are given in Table 9. Following the first fitting procedure, the point at

429.15 K, m = 18.4 mol/kg, reported by Benrath (10) was found to be an
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Table 6. Solubility data for Uo (No ) in the system

U0, (NO,),.3H,0 - H,0.

Solubility Solubility
T/K mol/kg Ref. T/K nmol/kg Ref.
335.2 8.415 8 363.7 10.81 14,17
343.2 8.617 14,17 365.2 11.08 14,17
343.2 8.998 22 367 10.5 10
345.6 9.266 8 373.2 12.02 14,17
350.4 9.260 14,17 sl 12.3 10
353 9.5 10 383.2a 13.46 14,17
354.1 10.28 8 386.2 14.02 14,17
358.2 10.10 14,17 *388b 13.9 10
361.7 10.91 8 *389 c 15.3 10
363.2 10.82 22 *394.7 18.50 3

87he trihydrate --> dihydrate transition point (14,17).

bMetastable equilibrium.

cCOngruent melting point of the trihydrate (3). The corresponding
molality was calculated by the evaluators.

*Not used in fitting.

Table 7. Parameters and standard deviations for Eq 1, for the
system Uoz(N°3)2‘3H O - H,0.

2 2
Parameter Standard

Parameter Value Deviation

a 384.618 mol/kg 0.0124

b -12148.7 mol/(kg K) 4.49

c ~65.227 mol/kg 0.00212

d 0.09145 0. 0000346

mo 18.50 mol/kg 0.0124

8standard error of the estimate.

Table 8. Recommended solubilities in the UO (NO ) .3H20 - HZO
system, obtained with Eq 1.

Solubility Solubility
T/K mol/kg T/K mol /kg
338.15 8.54 368.15 11.2
343.15 8.93 373.15 11.8
348.15 9.33 378.15 12.5
353.15 9.74 383.15 13.3,
358.15 10.2 388.15 14.4,
363.15 10.7 393.15 16.22

8Metastable branch, tentative values.
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outlier and was rejected. No outlier was found in the second fitting.
The results of the analyses for the solubility of UOZ(NOS)Z in the
system UOZ(N03)2.2H20 - H,
are shown in Figure 2. The invariant points with the dihydrate are given

O are tabulated in Table 10 and Table 11, and

in Table 12. The imprecision in solubilities, *t . where

0.05%m
o, denotes the standard deviation in solubility calculated from

the standard error of the estimate, and 0.06 mol/kg at 388.2 K,

0.12 mol/kg at 423.2 K, and 0.31 mol/kg at 448.2 K. When considering high
solubilities and higher temperatures, the imprecision appears to be low,
particularly in comparison with the trihydrate system. The reason is
mainly that solubilities in the dihydrate system which are calculated
from the smoothing equation are based for the most part on the results
reported by only one group of researchers (14,17). These results appear
to be precise, though not necessarily accurate. However, solubilities in
the trihydrate system reported by Marshall et al. have proven to be

both precise and accurate. Because the same experimental procedure was
used in both cases, it is reasonable to assume that solubilities in the
dihydrate system (14,17) are also accurate. Moreover, except for the
value of 18.4 mol/kg at 429 K, the other four solubilities in Benrath
(10), and the two given in Nethaway (24) are in fairly good agreement
with those of Marshall et al. Therefore solubilities given in Table 11
are the recommended values. However, in contrast to the hexa~ and
trihydrate systems, the overall uncertainty in the dihydrate system
cannot be solely based on the imprecision calculated from data fitting,
and is estimated to be about #0.15 mol/kg at 388.2 K, +0.25 at 423.2 K,

and #0.5 mol/kg at 448.2 K.

THE_SYSTEM ICE =~ U NO

Data on temperature for water freezing as a function of uranyl nitrate
concentration are in good agreement (3,8,21). The ice branch of the
liquidus curve obtained by graphical smoothing of data points is shown

in Figure 1 and Figure 2. Experimental data are given in Table 13.
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CRITICAL EVALUATION: (Continued)

Table 9. Solubility data for Uoz(Nos)z in the system
U02(N03)2.2H20 - H20

Solubility Solubility

T/K mol /kg Ref. T/K mol /kg Ref.
386.15a 14.02 14,17 433.15 20.41 14,17
393.15 14.67 14,17 439.65 21.00 14,17
403.15 15.76 14,17 445.15 22.64 14,17
406.15 16.32 14,17 448.15 24.2 10
410.18 17.09 14,17 451 26.3 24
411.15 16.5 10 *452.52  27.75 14,17
414,35 17.01 14,17 *453.15 24.99 14,17
420.15 18.18 14,17 *454.13 25.98 14,17
427 .65 19.02 14,17 *455.5 d 27.3 24
*429.15 18.4 10 *457.15 27.78 14,17
432.15 20.00 14,17 *460.15 27.7 10

87he trihydrate --> dihydrate transition point (14,17).

bCQngruent melting point of the dihydrate (3). Molality was
calculated by the evaluator.

CThe reported solubility corresponds to the temperature
interval 454 - 457 K (24).

chngruent melting point of the dihydrate (14,17).
*Not used in fitting to Eq 1.

Table 10. Parameters and standard deviations for Eq 1, for the
system U02(N03)2.2H O - H,O.

2 2
Parameter Standard
Parameter Value Deviation
a 576.981 mol/kg 0.00606
b -20478.6 mol/(kg K) 2.56
c -95.3630 mol/kg 0.00100
d 0.11359 0.0000134
mo 27.75%5 mol/kg 0.00606

8standard error of the estimate.

Table 11. Recommended solubilities in the Uoz(N03)2.2H20 - H20
system, obtained with Eq 1.

Solubility Solubility
T/K mol /kg T/K mol/kg
388.15 14.2 423.15 18.3
393.15 14.7 428.15 19.1
398.15 15.3 433.15 19.9
403.15 15.9 438.15 20.9
408.15 16.4 443.15 22.2
413.15 17.0 448.15 24.1

418.15 17.7
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Table 12. Invariant points in the system UOZ(N03)2 - Hzo
computed from data fitting.

Invariant Point T/K mol/kg
Eutectic between ice and UOZ(N03)2.nHZOa(?) 254 1.95
n hydrate ---> hexahydrate transition (?) 268 2.45
hexahydrate =-~--> trihydrate transition 333.0 8.19
hexahydrate congruent 332.9 9.251b
trihydrate =--~> dihydrate transition 386 13.9
trihydrate congruent 398 18.50b
dihydrate congruent 455 27.75b

S 6, see the evaluation of solubilities in the
hexahydrate system.

Prheoretical value at the congruent melting point:
6 mole H,0 = (6)(18.0154) = 108.09 g, 0.10809 kg

molality: 1 mole/0.10809 = 9.25 mol/kg

3 mole HZO = (3)(18.0154) 54.046 g, 0.054046 kg

molality: 1 mole/0.054046 18.50 mol/kg

COMMENT AND/OR ADDITIONAL DATA:

The heat of solution of anhydrous uranyl nitrate, uo, (NO, ) ,,
in water at 25°C is =-81.6 kJ/mol (45).
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t/°c

-0.2
-0.3
-1

-1.0
-1.6

-2.1
=2.9
-2.9
~-4.4
-5

-5.4
-5.4
-6.0
-7.3
-7.9

-11.2
=14.4
-18.0
=20

b,

(Continued)

Table 13. Temperature for water freezing as a

function of uranyl nitrate. The
solid phase is ice.

U02(NO

0.0402
0.217
0.218
0.22
0.3082

0.3536
0.5264
0.5320
0.7800
0.7780

0.846
0.8392
0.9005
1.067
1.223

1.505
1.692
1.918
2.105

T/K

251.02
253.15
258.15
263.15
266.15
268.15
270.15
272.65

3)2
mol/kg

Ref.

-
0

[ ]

%)

Nm(ﬂl—‘w W oW NWOWW

[

8s01id phase is not specified in source publication,
evaluator assumes ice is the solid phase.

Recommended values for water freezing as a function
of uranyl nitrate, based on fitting above data to Eq 1.

mol/kgb

9.251
2.436
1.436
1.511
1.221
0.8396
0.4556
0.1429

Standard deviation, 0.157
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THE TERNARY AND QUATERNARY SYSTEMS

SYSTEMS WITH NITRIC ACID

3)2 - HNO, - H,O has been investigated over a broad

range of temperatures and nitric acid concentrations by a number of

The system U02(N0

researchers (5,12,13,20,26,32,33,36,37,40~43). Besides these data, other
data points were estimated from an enlarged phase diagram (13), and then

recalculated by the evaluators for this ternary system.

Depending on the temperature and nitric acid concentrations, the uranyl

nitrate solid phases under equilibrium conditions have been reported as:

Formula Name
Uoz(No3)2.6H20 Uranium nitrate hexahydrate
U02(N03)2.3820 Uranium nitrate trihydrate
UOZ(N03)2.2H20 Uranium nitrate dihydrate
U0, (N0, ), . 3HNO, Uranium nitrate trinitric acid
UOZ(N03)2.2HN03 Uranium nitrate dinitric acid
Uoz(N03)2.N204.H20 Uranium nitrate dinitrogen tetroxide monohydrate

At concentrations of HNO3 exceeding 77 mass % (depending on temperature)

and at low concentrations of UOZ(NO the solid phase at equilibrium

3)2’

is the adduct containing three HNO._ molecules (32). When the HNO

3 3
concentration exceeds 55 mass % (depending on temperature) and at medium
nitrate concentrations, the solid phase at equilibrium consists of the
adduct with two HNO3 molecules (35). According to Lacher, et al. (31),
nitric acid decomposes in the acid-rich region, and the solid phase under

equilibrium conditions is UOZ(N03)2.N .H,O. According to Deigele (42),

2% -1,

when T/K = 278.2 and the nitric acid concentration is above 70 mass %,
the solid phase at eguilibrium may be a monohydrate. In another study,
no evidence was found for the existence of solids in which water is
replaced by nitric acid (42). The composition at the transition points,
points of minimum solvent activity, between various uranyl nitrate

solids, reported in the referenced publications, or estimated by the

evaluators, is given in Tables 14 - 16.
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Table 14. Transition points between the hexahydrate and the

trihydrate in the system U02(N03)2 - HNO, - H,O.
Uo,(NO,) , HNO,

T/K mass % mol/kg mass % mol/kg Ref.
263.15 157 1.1 52, 25 32,39
273.15 19a 1.4 47a 22 32,39
278.15 21 1.5 44 20 42
298.15 37.99 3.026 30.15 15.02 5
298.15 38.2 3.04 29.9 13.83 35
298.15 392 3.2 309 15 31
303.15 43 3.6 27 14 31
303.35 43.1 3.56 26.2 13.5 32
308.15 48é8 4.11 2161 11.1 35
313.15 55 5.2 18 10 31
323.15 65.7 6.44 8.4 5.1 35

a . . .
Evaluator estimates from phase diagram in source paper.

in the system Uoz(No3)2 - HNO3 - HZO‘
U0, (NO,), HNO,

T/K mass % mol/kg mass % mol/kg Ref.
263.15 15 —_— 64.5 48 32
273.15 18.1, 2.27 61,7 48.5 32
278.15 19.5 2.54 61 50 42
298.15 27.49 3.711 53.71 45.34 5
298.15 28.7 3.87 52.5 44.3 35
298.15 282 3.7 534 44 31
303.18 30, 4.0 51, 43 31
303.35 31 4.5 50 42 32
308.15 34,7 5.00 47,7 43.0 35
313.15 36 5.1 46 41 31
322.25 45.7 6.44 36.3 32.0 32
323.15 45,5 6.08 35,5 29.7 35
332.15 52 8.2 32 32 31

Table 16. Transition points between U02(N03)2.2H20 and

Table 15. Transition points between the trihydrate and dihydrate

%Evaluator estimates from phase diagram in source papers.

UOZ(N03)2.2HNO3 in the system UOZ(N03)2 - HNo3 - HZO-
UOZ(Noa)2 HNO3
T/K mass % mol /kg mass % mol/kg Ref.
298.15 37.6 119 61.6 1220 35
308.15 40.5 203 58.5 928 35
323.15 45.5 88.8 53.2 649 35
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The only reported isotherms at 248.2 K and 255.2 K (39) cover a limited
portion of the hexahydrate branch, and as expected are some distance from
the 263.2 K isotherms. The hexahydrate branch and both the hexa- and
trihydrate branches of the 263.2 K and 273.2 K isotherms were reported in
(392) and in (32), respectively. At 263.2 K, the agreement between the two
sets of data is very satisfactory. However, both the 263.2 K and 278.2 K
isotherms of the hexahydrate (32) seem slightly too low. Accordingly, the
hexahydrate branch of the 273.2 K isotherm shown in Figure 3 was drawn

mainly through data points reported by Christensen and Holmberg (39).

The U02(N03)2 - HNO3 - Hzo system at 278.2 K has been studied extensively
by Deigele (42): about 119 data points are available covering the hexa-,
tri- and dihydrate branches of the isotherm. The hexa-, tri- and left
portion of the dihydrate branch seem to be both precise and accurate.
However, the right portion of the dihydrate branch has a very improbable
shape and was therefore rejected. When nitric acid levels exceed

70 mass %, the scattered data points obtained from Deigele probably
correspond to the monohydrate. However, data points at 265.2 K, 273.2 K,
303.2 K and 323.2 K, which lie in approximately the same region, were

assigned by Gaunt et al. (32) to the U02(NO .3HN01 branch. In view of

3)2
the very low water content in the region under consideration, the latter

assignment seems to be more plausible.

Data points belonging to the hexahydrate branch of the 293.2 K isotherm
have been reported by Christensen and Holmberg (39). A comparison with
the adjacent 298.2 K isotherm suggests that the results are rather
accurate. The ternary system with nitric acid at 298.2 K has been
examined thoroughly (5,23,31,35,36). In general, there is a satisfactory
agreement among the various values. The right portion of the dihydrate
and the branch corresponding to UOZ(NO

. 2HNO depicted in Figure 3,

3)2 37
are based solely on the data in Yakimov and Mishin (35).

Lacher et al. (31) and Gaunt et al. (32) give solubilities at 303.2 K

and 303.4 K, respectively. Because of the small difference between these
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two temperatures, the two sets of data were pooled into a single 303.2 K

isotherm. From a comparison with the 298.2 K isotherm, it appears that
the data from Gaunt et al. (32) which correspond to the hexahydrate

branch are too high, and were therefore rejected. The agreement in the
data of references (31,32) is consistent with the tri- and dihydrate as

the solid phases, under equilibrium conditions.

Only one set of data points exists for each 308.2 K (35) and 313.2 K (31)
isotherm. The data in Yakimov and Mishin (35) cover four branches of the
isotherm, whereas those of Lacher (31) are only for the hexa- and the
trihydrate branches. A comparison with the 303.2 K isotherm suggests
that within the hexahydrate branch, the solubility values at 308.2 K are

too low. Both the position and shape of the 313.2 K isotherm are correct.

Studies of the UOZ(N03)2 - HNO, - Hzo system made at 323.2 K (31,35) were

3
merged with the measurements at 322.3 K (32). The agreement is
satisfactory for the tri- and dihydrate branches, with the exception of
some data points in Gaunt et al. (32). The right portion of the dihydrate
branch of the isotherm is based solely on the data from Yakimov and
Mishin (35). Based on a comparison with the 313.2 K isotherm, the
evaluators conclude that results reported by Gaunt et al. (32) were too
low, and those by Lacher et al. (31) were too high. Both were therefore
rejected. For this reason, the hexahydrate branch of the 323.2 K isotherm
in Figure 31 is based only on the data from Yakimov and Mishin (35).
Lacher et al. (31) have data for the ternary system at 332.2 K, which is
only 1.4 K below the hexahydrate incongruent solubility points. Figure 3
shows that the hexahydrate branch has disappeared almost completely. It
follows from a comparison with preceding isotherms that both the position

and shape of the 322.2 K isotherm follow expectations.

SYS ITH _ALKALI METALS, AMMONIU ND THALLIUM NITRATES

Ternary systems with MeNO Me = Li, Na, K, Rb, Cs, NH4 and T1, have

3'
been investigated extensively (2,6,7,13,21,22,29,34). The solid phases of

uranyl nitrate which are present at equilibrium are the hexahydrate and
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the trihydrate, with the latter stable for temperatures above the
hexahydrate =---> trihydrate transition point. For the Rb, Cs and NH,
nitrate double salts with uranyl nitrate, these are also the stable
phases. Rimbach (2) notes a double salt exists also for potassium
nitrate as the second component, but his findings have not been verified
by Perova (21,22). Solubility isotherms at 298.2 K for the system with
KNO3 (2,5,21) are in very good agreement. Similarly, there is good

agreement for the NH4NO system at 298.1 - 298.2 K (2,6).

3

YSTEMS WITH ALKALINE EARTH TALS AND TRANSITION MET ITRATES

Solubility data for the ternary systenms Uoz(No - Me(NO - H,0, where

3)2 3)2
Me = Cu, Be, Mg, Ca, Sr, Zn, Cd and Hg are found in five publications

(25,27,28,29,30). In all of these systems, the solid at equilibrium was
uranyl nitrate hexahydrate, Uoz(N03)2.6H20. There has been no report of

a double salt as the solid phase at equilibrium.

QUATERNARY SYSTEMS WITH TWO SATURATING COMPONENTS

Systems with two saturating components and nitric acid have been studied
(13,14,28,38,39). In the majority of these systems, the solid phase at
equilibrium is uranyl nitrate hexahydrate. In the system with Al(NO3)3,
a trihydrate has also been reported as the equilibrium solid (33,44).
Nikolaev et al. (38) mention that when high concentrations of Th(No3)4
are present, the solid at equilibrium is uranyl nitrate tetrahydrate,

U02(N0 .4H_O. However, this assignment is most improbable, because

3)2 2

the formation of uranyl nitrate tetrahydrate has not been otherwise
observed, either in the binary system or in all other systems which were
investigated, regardless of the temperature and the concentration of the

other components.
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system.

mass %

Figure 3. Phase diagram for the UOZ(N03)2 - HNO3 2
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De Conninck, Oe.

Compt. Rend., 1900, 131, 1219 -
1220.

VARIABLES:

Temperature: About 287 K

PREPARED BY:

L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

The solubility of uranyl nitrate in water is reported to be

about one part of the salt per two parts of water. It is an

average of determinations at 12.9%, 13.2%, 13.7%, 14,

and 14.2°%.

The compilers have calculated this solubility as 1.25 mol/kg.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

Nothing specified.

SOURCE AND PURITY OF MATERTALS:
Uranyl nitrate, presumably the
hexahydrate, U02(N03)2.6H20
(compilers) was exposed for several
days to a stream of dry air, and
then dried for four hours at 85°C

to 90°c.

Distilled water was used as the
solvent.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS:

(1) Uranyl nitrate; U02(N03)2;
[15905-86=9] -

(2) Water; H,0; [7732-18-5)

1910,

ORTGINAL MEASUREMENTS:

vasil’ev, A. M.

Zh. Russ. Fiz. Khim. Obied.,
570 - 581.

VARIABLES:

Temperature:

271 to 345 K

L. Fuks;

PREPARED BY:

S. Siekierski

b

EXPERIMENTAL VALUES:

Solubility of Uoz(No3)2 in H

(1).

0 as a function of temperaturea'b

2
o
t/c U0 (NO,).,.6H.0 Uo,(NO,,) Solid
/ 2(NO3) 5. 6H, 2(NO3) 5 Shasoc
mass % mass % mol /kg

-1.6 13.80 10.83 0.3082 A
-2.1 15.59 12.23 0.3536 A
-2.9 21.90 17.18 0.5264 A
-4.4 29.96 23.51 0.7800 A
-6.0 33.38 26.19 0.9005 A
-7.9 41.44 32.52 1.223 A
-11.2 47 .45 37.23 1.505 A
-18.1 54.90 43.08 1.921 B
-12.1 58.00 45,51 2.119 B
-2.2 62.13 48.75 2.414 B

(o} 63.01 49.44 2.482 B
12.3 67.36 52.86 2.846 B
25.6 72.83 57.15 3.385 B
36.7 78.05 61.25 4.011 B
45.2d 82.96 65.10 4.734 B
71.8 86.32 67.74 5.329 B

a'Pemperature and solubility values were taken by the compilers
from Ref.

Mass % of Uo,(NO,}, and molalities calculated by the conmpilers.

Csolia phases: A = ice; B = Uoz(No .6H20.

3)2
dProbably a typographica% error in Ref. (1). According to Ref. (2),
the temperature is 51.8 C.

The eutectic temperature is -18.1°C and the congruent melting
points of the hexa~, tri- and dihydrate are 60.2, 121.5,
and 179.3°C, respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Nothing specified in Ref. (1). Uoz(N03)2.6H20 with a m.p. of

60.2°C was used.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
1. Vasil’ev, A. Chem. Zentr. 1910,
81, 1527.

2. Guempel, O. Bull. Soc. Chim.
Belg. 1929, 38, 443.
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COMPONENTS:

(1) Uranyl nitrate; U02(N03)2:
[15905-86-9]

(2) Water; Hzo; [7732=-18~5]

ORIGINAL MEASUREMENTS:
Guempel, O.

Bull. Soc. Chim. Belg.
443 - 477.

1929, 38,

VARIABLES:

Temperature: 273 to 362 K

PREPARED BY:

L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

Solubility of UOZ(Noa)2 in H,0 as a function of temperaturea

o
t/ C U0, (NO,),
mass % mol/kg
-0.3 7.87 0.217
-2.9 17.33 0.5320
-5.4 24.85 0.8392
-7.3 29.60 1.067
-18.0 43.04 1.918
-11.5 46.25 2.182
-5.5 48.47 2.387
-4,2 45.27b 2.099
5.5 50.55 2.594
7.6 51.27 2.702
15.0 52.80 2.839
20.0 54.40b 3.028
21.1 55.58 3.175
25.0 55.90 3.217
36.1 60.28 3.851
43.6 64.20 4.551
54.5 70.25 5.993
56.1 71.95 6.510
57.4 72.76 6.779
58.2 74.13 7.272
58.6 75.65 7.884
62.0 76.83 8.415
72.4 78.50 9.266
80.9 80.20 10.28
88.5 81.13 10.91

8Molalities calculated by compilers.

b

Csolid phases: A = ice, B = U02(No

Data points erroneocusly ascribed to Vasil’ev (1).

Method Solid
Phase

Cryoscopic A
n A
" A
" A
" A
Synthetic B
" B
" E
[1] B
" B
" B
Analytical B
n B
n B
n B
n B
" B
L} B
" B
" B

u B+C
" (o]
" Cc
" C
" C

4)5-6H0, C = UO,(NO,),.XH,0, X<6.

AUXILTARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The uranyl nitrate concentrations
were determined gravimetrically as
U308'

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED FRROR:

Nothing specified.

REFERENCES :

1. vasil‘’ev, A. Chem. Zentr. 1910,
81, 1527.
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COMPONENTS :

(1) Uranyl nitrate: UOZ(NOB)Z;
[15905-86-9]

ORIGINAL MEASUREMENTS:
Benrath, A.

Z. Anorg. Allg. Chem., 1942,

249,

Solubility of Uoz(N03)2

t/°c

80

94
108
115
116
138
156
175
187

is given.

in H.,O as a function

(2) Water; H,0; [7732-18-5] 245 - 250.
VARIABLES: PREPARED BY:
Temperature: 353 to 460 K A. Sozanski; S. Siekierski
EXPERIMENTAL VALUES:
a

of temperature

U0, (NO,),
mass % mol /kg
79 9.5
80.6 10.5
82.9 12.3
84.6 13.9
85.8 15.3
86.7 16.5
87.9 18.4
90.5 24.2
91.6 27.7

8Molalities calculated by the compilers.

COMMENTS AND/OR ADDITIONAL DATA:
The hexa ---> trihydrate transition point is at 58.6°C.
Decomposition of uranyl nitrate was observed at 180°%%.

In the source paper, the solubility vs. temperature diagram

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE:

The synthetic method was used. The
temperature of crystallization was
determined visually. Details were
given in Ref. (1).

SOURCE AND PURITY OF CHEMICALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Benrath, A.; Gjedebo, F.;
Schiffers, B.; Wunderlich,

Z. Anorg. Allg. Chem. 1937,
231, 285.

H.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; U02(N03)2; Lane, J. A.

[15905-86-9]
Plutonium Project Handbook, Rev.
(2) Water; H_,O; [7732-18-=5] Ed., CL-697, Chapt. 2, "Physical

2 and Chemical Properties",May 1945.
VARIABLES: PREPARED BY:
Temperature: 333 to 417 K L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

Solubility of Uoz(N°3)2 in H,0 as a function of temperaturea

2
o
t/C uo., (NOo.,) Solid
2 3’2 Phaseb
mass % mol /kg
60 79.0 9.57 A
64.5 79.5 9.87 A
71.9 79.2 9.68 A
78.9 80.6 10.5 A
80.5 82.0 11.6 A
92.2 82.8 12.2 A
101.1 85.6 15.1 A
105.5 86.0 15.6 A
144.2 89.3 21.2 B

8Numerical data were taken by the compilers from Ref. (1) which
contained the phase diagram. In the phase diagram, some of the
data points reported by Lane and by Guempel (2) have been
interchanged (compilers).

b .
Solid phase: A = UOZ(N03)2.3H20, B = UOZ(NO3)2.2H20.
AUXILIARY INFORMATION
METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Nothing specified. Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Marshall, W. L.; Gill, J. S.:
Secoy, C. H.

J. Am. Chem. Soc. 1951, 73,
1867.

2. Guempel, O.

Bull. Soc. Chim. Belg. 1929,
30, 443.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; Uoz(N03)?; Marshall, W. L.; Gill, J. S.
{15905-86-9] :

Report 1949, ORNL-607, Oak Ridge

(2) Water:; H?o; [7732-18-5] National Laboratory, 38 - 44.
VARIABLES: PREPARED BY:
Temperature: 343 to 457 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES: a
Solubility of Uoz(N01)2 in H,0 as a function of temperature

t/°c Uo.,(NO.,) Solid
/ 2 3’2 Phaseb
mass % mol/kg
70 77.25 8.617 Ac
77.2 78.49 9.260 A
85 79.92 10.10 A
90.5 80.98 10.81 Ad
92 81.37 11.08 A
100 82.57 12.02 A
110 84.14 13.46 A
113 84.67 14.02 A+B
120 85.2%5 14.67 B
130 86.16 15.80 B
133 86.54 16.32 B
137 87.07 17.09 Be
141.2 87.02 17.01 B
147 87.75 18.18 B
154.5 88.23 19.02 B
159 88.74 20.00 B
160 88.94 20.41 B
166.5 89.22 21.00 B
172 89.92 22.64 B
180 90.78 24.99 B
181 91.01 25.69 Bf
a 184 91.63 27.78 B
Molalities calculated by the compilers.
b .
Solid phases: A = UOZ(N03)2.3H20, B = U02(N03)2.2H20.

Cg7.08% UO,(NO,), (theor. 87.95%). dg7.052% UO,(NO,), (theor. 87.95%).

®90.58% U0,(NO,), (theor. 91.63%). frrue dihydrate melting point.
AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE: SQURCE AND PURITY OF MATERIALS:
Isothermal method used. Solubility3
runs made in a long-necked 200 cm 1. U02(NO3)2.6H20, chemically pure.

flask complete with a side arm.
The flask was connected to a standard|2. U°2‘“°3)2‘2Hz° obtained by
taper joint unit having gas analysis

and vacuum line takeoff. Sample was dehydration of hexahydrate.
withdrawn with pipets through the

side arm. A partial vacuum was

placed on molten uranyl nitrate ESTIMATED ERROR:

hydrate at the working temperature to

remove water, and the liquid was Solubility: less than 0.2%.
vigorously stirred until crystals

formed. After 40 to 45 min. of Temperature: Precision +0.1K.

further stirring, samples of clear

solution were taken. Analysis of
uranium was made by straight REFERENCES:
oxidation at 900°C to U Og4. or by
precipitation of ammonigm diuranate
followed by oxidation to U,0_,. Values
have been obtained both going up and
down the temperature scale.The sysiem
appears thermally stable up to 184°C,
above the dihydrate decomposition

to UO3 and NOZ.
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COMPONENTS:

(1) Uranyl nitrate: Uoz(Noz)z’
[15905-86-9]

(2) Water:; HZO; [7732=-18=5]

ORIGINAL MEASUREMENTS:

De Keyser, W.
Herrmann, M.

L.; Cypres, R.:

Bull. Centre Phys. Nucl. Univ.

Libre de Bruxelles No. 17, 1950.
VARIABLES: PREPARED BY:
Temperature: 293 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

The solubility of U02(N03)2.6H20

54.09 g of anhydrous salt per 100 g of solution, at 20°c. The

corresponding molality value calculated by the compilers is

2.990 mol/kg.

in water is reported to be

AUXILTARY INFORMATION

METHOD /APPARATUS /PROCEDURE:

The isothermal method was used. An
excess of uranyl nigrate hexahydrate
was placed in 20 cm” of water an
mixed for 30 minutes at 30 to 40°C.
The liquid with crystals was then
transferred to a thermostat where it
was stirred for another 30 min. After
the sglution had settled (15 min), a
10 cm™ aliquot was pipetted for
weighing. The sample was gried at
120°C and calcined at 900 °C in a
platinum crucible to constant weight

as the oxide, UBOB'

SOURCE AND PURITY OF MATERIALS:

Nothing specified for the solid
uranyl nitrate hexahydrate. The
amount of crystallization water was
21.30% (theor. 21.52%).

ESTIMATED ERROR:
Soly: the reported solubility is
mean of two values which
differ by 0.003 mol/kg

Temp: nothing specified

REFERENCES:
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COMPONENTS: ORIGINAL, MEASUREMENTS:
(1) Uranyl nitrate; Uoz(No3)2; Marshall, W. L.; Gill, J. S.;
[15905~86~-9] Secoy, C. H.
(2) Water; HZO: [7732-18-5] J. Am. Chem. Soc., 1951, 73, 1867 -
1869.
VARTABLES: PREPARED BY:
Temperature: 343 to 457 K L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

Solubility of Uoz(N03)2 in H,O0 as a function of temperaturea

2

t/°c Uo.,(NO,) Solid

/ 2 3’2 Phased

mass % mol /kg
(compilers)

70 77.25 8.617 A
77.2 78.49 9.260 A
85 79.92 10.10 A
90.5 80.98 10.80 A
92 81.37 11.08 A
100 82.57 12.02 A
110 84.14 13.46 A
113P 84.67 14.02 A+B
120 85.25 14.67 B
130 86.13 15.76 B
133 86.54 16.32 B
137 87.07 17.09 B
141.2 87.02 17.10 B
147 87.75 18.18 B
154.5 88.23 19.02 B
159 88.74 20.00 B
160 88.94 20.41 B
165.5 89.22 21.00 B
172 89.92 22.64 B
180 90.78 24.99 B
181 91.10 25.98 B
184 91.63 27.78 B

8Phe initial solid phase is U02(N03)2.6H20.

bIntersecting point for incongruent melting point of trihydrate.

Crrue melting point of the dihydrate.

d . _ . _
Solid phases: A = U02(N03)2.3H20, B = Uoz(Noa)z‘ZHzo'

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:

1. UOZ(N03)2.6H20,Mallinckrodt C.P.
Uranyl nitrate hexahydrate was placed
in the thermostated vacuum-connected (2. Dihydrate prepared by the
flask at the desired temperature, and dehydration of the hexahydrate.

was stirred until crystallization
began. Then dried air was admitted to|ESTIMATED ERROR:
the system, followed by stirring for
an additional 40 to 50 min. DuplicatejSoly: Results of 5 separate runs.
samples of the clear solution as well o
as of the solid phase were removed, Temp: Precision +0.1°C.
and the uranium_content determined by

ignition at 900°C to form the oxide,

U308' REFERENCES:
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COMPONENTS:

(1) Uranyl nitrate: UOZ(N03)2;
[15905-86=-9]

(2) Water; H_O; [7732-18~5]
2

ORIGINAL MEASUREMENTS:
Warner, R. K.

Australian J. Appl. Sci., 1953, 4,
581-589.

VARIABLES:

One temperature: 293 K

PREPARED BY:

L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

The solubility of UOZ(N03)2.6H20
be 0.540 g of the
The corresponding

2.98 mol/kg.

in water at 20°C was reported to
anhydrous salt per g of the solution.

molality was calculated by the compilers as

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE

The isothermal method was used.
Excess uranyl nitrate hexahydrate was
placed with the appropriate amount of
pure solvent into a gmall flagk,
warmed to between 30°C and 50°C, and
agitated for 15 min. Then the flask
wag placed in a thermostated bath at
20°C, and shaken for 6 to 8 hours.
When equilibrium was reached, the
solution was decanted, filtered, and
sampled for analysis. The analysis
consisted of the total uranium
concentration determined by evapora-
tion of the weighed aliquots,
followed by ignition to U3°8'

SOURCE AND PURITY OF MATERIALS:

"AR" grade UO,(NO,).,.6H,O.
2 372 2

ESTIMATED ERROR:

Soly: Repeat determinations of the
solubility were made until
agreement within 0.2 mass %.

Temp: Precision +0.05 K.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate: U02(N03)2; Nethaway, M. O0.:; Lang, G. P.
[15905-86-9]
Report 1958, MCW-1412

(2) water; H,0; [7732-18-5] (Elliot, B., ed.)
VARIABLES: PREPARED BY:
Temperature: 287 to 457 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

Solubility of U02(N03)2 in Hzo as a function of temperaturea'b
o
t/Me U0, (NO,),
mass % mol/kg
14 32.4 2.94
20.2-20.6 33.1 3.08
23.2 34,2 3.31
31.9 35.94 3.728
57 45.72 7.900
59 46.5 8.50
61 46.7 8.64
60 47.4 9.27
73 49.1 11.0
175-180 55.1 26.3
181-184 55.3 27.3

8Molalities calculated by the compilers.
bNature of solid phase not specified.

COMMENTS AND/OR ADDITIONAL DATA:

Uranyl nitrate solutions exhibit a very marked ability to supercool.
For this reason, it is somewhat difficult to accurately determine

a precise temperature of physical change. The best freezing point
values were obtained by repeated determinations at close to
equilibrium conditions. The results are presented also in the form
of a temperature vs. composition (mass % or uranium) plot.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF CHEMICALS:

The synthetic method was used. an Mallinckrodt UOZ(N03)2.6H20 was
0il bath was used as a heat transfer |(purified).

medium to provide slow and uniform
temperature change. No other Uraynyl nitrate dihydrate obtained
information is given. by drying hexahydrate and storing
under vacuum. Analysis of these
materials showed a ratio to within
0.5 to 1% of the stoichiometry.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS: ORIGINAIL. MEASUREMENTS:
(1) Uranyl nitrate; Uoz(Nos)z’ Colani, A.
{15905-86=9]

Bull. Soc. Chim. Fr., 1926, 39,
(2) Nitric acid; HNO3; [7697-37-2] 1243 -~ 1245.

(3) Water; H,0; [7732-18-5)

VARIABLES: PREPARED BY:

Composition at 298 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

o
The system Uo2(N03)2 - HNO3 - H20 at 25 C

Composition of Saturated Solutions?

HNO vUo,, (NO., ) Solid
3 2 3’2 Phaseb
mass % mol /kg mass % mol/kg
0 0 56.08 3.240 A
12.35 4.144 40.36 2.166 A
25.14 8.951 30.29 1.725 A
28.67 10.92 29.65 1.805 A
29.84 12.18 31.27 2.041 A
30.43 14.70 36.72 2.837 A
30.15 15.02 37.99 3.026 A+B
32.31 16.32 36.28 2.931 B
46.12 27.41 27.18 2.583 B
50.43 33.66 25.79 2.752 B
53.20 42.15 26.77 3.392 B
53.71 45.34 27.49 3.711 B+C
55.24 50.04 27.24 3.946 Cc
60.38 60.00 23.65 3.758 c
66.71 96.24 22.29 5.143 Cc
68.83 125.8 22.49 6.576 Cc

8Molalities calculated by the compilers.

beoyg . A = . B = .
Solid phases: A —UOZ(NO .6H20, B UOZ(N03)2.3H20,

3)2
C = UO, (NO,),.2H,0.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. The Nothing specified.

mixture of water and nitric acid was
saturated with uranyl nitrate. Uranyl|ESTIMATED ERROR:
nitrate hexahydrate was used at low
nitric acid concentrations, whereas Nothing specified.
at high concentrations of the nitric

acid, the initial solid phase was

uranium nitrate dehydrated in a REFERENCES:
vacuum. Solid phase was determined by
Schreinemakers method (1). No 1. Schreinemakers, F. A. H.

additional information is given.
Z. physik. chem., 1893, 11, 81.
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COMPONENTS:

ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; Uoz(No3)2; Harmon, M. XK.
[15905-86~9]

"Freezing Point Data for UNH-Hzo—

(2) Nitric aciqd: HN03; [{7697=37-2] HNO,_ ," Hanford Works, General
Electric Co., HW-8309,

(3) Water; H,0; [7732-18-5] Dec. 17, 1947.

VARIABLES: PREPARED BY:

Temperature: 253 to 318 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

The UO, (NO,),

U02(N03)2.6H20
t/°C mass % g/dm3
-20 57.78 912.26
-5 29.90 369.48
-1 10.1 107.85
5.7 65.35 1110.1
16.3 68.8 1217.1
18.3 68.8 1215.4
32.5 78.0 1461.2
-20.7 54.91 849.84
- 6.5 32.2 370.5
- 2.2 10.0 107.52
11 64.8 1107.7
23.5 69.8 1249.7
=-21.1 46.88 699.04
~-13.3 51.5 806.2
-11.3 29.07 367.97
- 5.2 9.75 107.2
19.8 64.61 1130.1
32.5 69.6 1285.0
33.8 70.4 1317.4
-26.1 29.6 393.6
-22.5 33.3 461.09
-16.5 8.6 107.54
1.6 45.29 693.69
33.5 62.6 1101.8
44.5 71.3 1351.6

b

Composition of saturated solutions?’

- HNO3 - H20 system

b
U0, (N0, ), HNO,

mol /kg g/dm” mol/kg
2.105 0 0
0.7780 0 0
0.218 0 0
2.671 0 4]

2.98 0 0

2.98 0 0

4.00 o] 0
1.955 15.13 0.2774
0.876 17.72 0.3339
0.220 18.18 0.2966
2.68 17.66 0.3407
3.14 18.34 0.3688
1.578 60.62 1.091
1.85 66.54 1.219
0.7971 57.72 0.9964
0.224 62.52 1.041
2.765 48.20 0.9396
3.25 50.48 1.017
3.39 63.0 1.29
0.931 178.5 3.363
1.10 188.67 3.5895
0.22 177.3 2.846
1.736 191.39 3.8162
3.04 172.63 3.7902
3.88 140.40 3.2078

8Nature of the equilibrium solid phase not specified.

Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The synthetic method was used. The
test solutions were prepared to an
approximately given predetermined
composition, then the freezing points
were measured. In all cases, cooling
curves were obtained and the setting
point wherever possible was measured
as the true freezing temperature.
Crystal formation was observed
closely with the aid of a strong
light source and the temperature at
which crystals were first noted was
taken as the freezing point for those
solutions whose cooling curves
exhibited no setting point.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate:; U02(N03)2: Report 1955, HW-31000.

[15905-86-9]

(2) Nitric acid; HNO_; [7697-37-2]

5
(3) Water; H,0; (7732-18-5]

VARIABLES: PREPARED BY:

Composition and temperature L. Fuks:; S. Siekierski

EXPERIMENTAL VALUES:

The solubility of uranyl nitrate hexahydrate in water was
determined as a function of temperature from about -25%C to
about 45°% at varying nitric acid concentrations of the range

1 to 10 M. The data are presented in the form of t/°c vs. M,
molarity. The diagram is based on data reported in Refs. (1-3).
A solution of 60 mass %, about 13M, HNO3 saturated with respect
to uranyl nitrate at 25°C is reported to contain 23.5 mass % of

UOZ(NO -6H,0, which is equivalent to 2.17 mol/kg of the

3)2
anhydrous salt (compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SQURCE AND PURITY OF MATERIALS:

Nothing specified. Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
1. Report HW-8309.
2. Report CL-51-II-66.

3. Report PDB-116.
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COMPONENTS:

(1) Uranyl nitrate: U02(N03)2:
[15905-86-9)

(2) Nitric acid; HN03; [7697~37-2)

ORIGINAL MEASUREMENTS:
Hart, R. G.; Morris, G. O.
Prog. Nucl. Energ., Series III,

Vol. 2, (Bruce, F. R.; Fletcher,
J. M.; Hyman, H. H., eds.) London,

(3) Water: HZO: [7732-18-5] 1958, 544 -~ 545.
VARIABLES: PREPARED BY:

Composition and temperature

A. Sozanski:; S. Siekierski

EXPERIMENTAL VALUES:

The U02(N03)2 - HNO3 - Hzo System

HNO3 u SQIida
3 o 3 Phase
mol/dm t/ C g/cm
0 -16 400 A
0 -11 350 A
o - 8 300 A
0 - 6 250 A
o - 4 200 A
0 -2 150 A
0 -1 100 A
0 3 500 B
1 -19 350 A
1 -17 300 A
1 -13 250 A
1 -10 200 A
1 -7 150 A
1 -6 100 A
1 -2 400 B
1 18 500 B
2 -22 250 A
2 -18 200 A
2 -14 150 A
2 -12 100 A
2 -9 300 B
2 5 350 B
2 14 400 B
2 27 500 B

HNO3 U 801ida
3 o 3 Phase
mol/dm t/C g/cm
3 -26 200 A
3 -20 150 A
3 =16 100 A
3 - 8 250 B
3 5 300 B
3 14 350 B
3 21 400 B
3 31 500 B
4 -32 150 A
4 -27 100 A
4 -5 200 B
4 6 250 B
4 15 300 B
4 21 350 B
4 27 400 B
4 34 500 B
5 -39 100 B
5 -5 150 B
5 7 200 B
5 15 250 B
5 21 300 B
5 26 350 B
5 30 400 B
5 35 500 B

(Continued on the next page)

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE

The synthetic method was used.
Equilibrium was approached from both
higher and lower temperatures.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: The results represent the
mean of two temperatures
observed for the first
formation and the final
disappearance of crystals.

Temp.: Precision #2K.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate; Uoz(N°3)27 Hart, R. G.: Morris, G. O.
[15905-86~-9] )
Prog. Nucl. Energ., Series III,
(2) Nitriec acid; HNO,: [7697-37-2) Vol. 2, (Bruce, F. R.; Fletcher,
J. M.; Hyman, H. H., eds.) London,
(3) Water; H,0; [7732-18-5] 1958, 544 - 545,
VARIABLES: PREPARED BY:
Composition and temperature A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES: (Continued)
The UOZ(N03)2 - HNO3 - Hzo System

HNO3 u Solida HNO3 U Solid
Phase Phase
3 o) 3 3 3
mol/dm t/C g/cm mol/dm t/°c g/cm
6 -18 100 B 9 5 100 B
6 4 150 B 9 8 150 B
6 12 200 B 9 15 200 B
6 19 250 B 9 18 250 B
6 23 300 B 9 20 300 B
6 27 350 B 9 22 350 B
6 30 400 B 9 24 400 B
6 36 500 B 9
7 3 100 B 10 3 100 B
7 9 150 B 10 6 150 B
7 15 200 B 10 12 200 B
7 20 250 B 10 15 250 B
7 24 300 B 10 17 300 B
7 27 350 B 10 24 350 B
7 29 400 B 10 29 400 B
8 5 100 B
8 10 150 B
8 17 200 B
8 20 250 B
8 23 300 B
8 25 350 B
8 27 400 B

3s01id phase: A = ice; B = UOZ(N03)2.6H20 (compilers).
COMMENTS AND/OR ADDITIONAL DATA:
Uranyl nitrate solutions have a great tendency to supercool, and on

cccasion solutions have been cooled to a temperature much lower than
the crystallization temperature, without the formation of crystals.
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COMPONENTS:

(1) Uranyl nitrate: U02(N03)2;
[15905-86-9]

ORIGINAL MEASUREMENTS:

Gaunt, J.; Bastien, I. J.
Adelman, M.

.
.

(2) Nitric acid: HN03; {7697-37-2) can. J. Chem., 1963, 41, 527 - 530.

(3) Water; H,0; [7732-18-5]

VARIABLES: PREPARED BY:

Composition and temperature A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

The U02(N03)2 - HNO3 - H20 System
Composition of Saturated Solutions?
uo_ (NO.) HNO Solid
o 2 3’2 3 Phaseb
t/ c mass % mol/kg mass % mol/kg
49.1 62.0 4.78 5.1 2.5 A

63.1 4.75 3.2 1.5 A
62.5 4.94 5.4 2.7 A
59.0 5.04 11.3 6.04 A
61.4 5.59 10.7 6.09 A
56.8 4.46 10.9 5.36 A
60.9 5.79 12.4 7.37 B
60.8 5.91 13.1 3.97 B
54.6 5.39 19.7 12.2 B
55.4 5.65 19.7 12.6 B
49.5 5.02 25.5 16.2 B
48.2 4.97 27.2 17.5 B
47.8 5.05 28.2 18.6 B
46.3 5.13 30.8 21.3 B
46.4 4.99 30.0 20.2 B
45.9 5.63 33.4 25.6 B
45.6 5.70 34.1 26.7 B
44.4 5.69 35.8 28.7 B

(Continued on the next page)

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The isothermal method was used. The
uranyl nitrate solutions were
prepared by dissolving uranyl nitrate
hexahydrate in nitric acid. At high
acid concentrations, the hexahydrate
was dissolved in more concentrated
acid, and the crystals obtained were
redissolved in increasing concentra-
tions of nitric acid and red fuming
nitric acid. Each sample was
saturated at a temperature above that
at which the determinations were made
and transferred to glass-stoppered
bottles. The samples were then placed
in a constant temperature bath. A
ninimum period of 48 hours was
allowed to attain equilibrium.
Samples of liquid phases and residues
were taken for analyses. Uranium was
determined by titrating the reduced
form with ceric sulfate; nitric acid
by direct titration (1).

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility: Nothing specified.

Temperature: Precision +0.2K.

REFERENCES:

1. Brothers, J. A.; Olmstead, W.

Report 1955, CLE-112.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; U02(N03)2; Gaunt, J.; Bastien, I. J.:
{15905-86-9] Adelman, M.

(2) Nitric acid; HNO [7697=37=2] can. J. Chem., 1963, 41, 527 - 530.

3¢

(3) Water; H,0; [7732-18-5]

EXPERIMENTAL VALUES: (Continued)
The U02(N03)2 - HNO3 - Hzo System

Composition of Saturated Solutions?

uo,(NO,) HNO Solid
o 2 3’2 3 Phaseb
t/c mass % nmol/kg mass % nmol/kg
49.1 45.7 6.44 36.3 32.0 B+C
41.4 5.08 37.9 29.1 c
40.7 5.52 40.6 34.5 c
36.5 6.22 48.6 51.8 c
35.9 6.24 49.5 53.8 (o
35.0 6.99 52.3 65.4 c
26.0 6.28 63.5 96.0 -
12.2 4.07 80.2 167 D
12.7 4.88 80.7 194 D
10.3 3.90 83.0 197 D
8.83 3.95 85.5 239 D
30.2 55.6 3.39 2.82 1.08 A
49.6 2.91 7.12 2.61 A
46.7 2.85 11.7 4.46 A
40.3 2.47 18.3 7.01 A
38.8 2.63 23.8 10.1 A
42.5 3.24 24.2 11.5 A
42.6 3.38 25.4 12.6 A
40.1 2.98 25.7 11.9 A
43.1 3.56 26.2 13.5 A+B
39.7 3.37 30.4 l16.1 B
39.0 3.28 30.8 16.2 B
39.2 3.37 31.3 16.8 B
37.8 3.37 33.7 18.8 B
37.2 3.29 34.1 18.9 B
35.8 3.03 34.2 18.1 B
33.4 3.12 39.4 23.0 B
32.6 3.42 43.2 28.3 B
32.0 3.40 44.1 29.3 B
30.3 3.26 46.1 31.0 B
30.0 3.64 49.1 37.3 B
29.4 4.41 53.7 50.4 C
28.5 4.95 56.9 61.8 c
22.9 4.61 64.5 81.2 o]
13.0 3.37 77.2 125 D
10.9 2.85 79.4 130 D
0.0 45.2 2.20 2.72 0.829 A
34.8 l1.64 11.3 3.33 A
22.9 1.04 21.3 6.06 A
14.3 0.662 30.9 8.95 A
11.1 0.610 42.7 14.7 A
11.5 0.637 42.7 14.8 A
13.4 0.812 44.7 16.9 A
13.3 0.796 44.3 16.6 A
19.9 1.49 46.1 21.5 A

(Continued on the next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate: UOZ(N03)2; Gaunt, J.; Bastien, I. J.:
[15905~86-9] Adelman, M.

(2) Nitric acid; HNO [7697-37-2] can. J. Chem., 1963, 41, 527 - 530.

37
(3) Water; H,0; [7732-18-5)

EXPERIMENTAL VALUES: (Continued)
The U02(N03)2 - HNO3 - H20 System

Composition of Saturated Solutions?®

Uo, (N0, ) HNO Solid
o 2 372 3 Phaseb
t/C mass % mol/kg mass % mol/kg
0.0 18.6 1.34 46.2 20.8 A
22.2 1.78 46.1 23.1 A
20.0 1.52 46.5 22.0 A
18.6 1.36 46.8 21.5 A
20.5 1.59 46.8 22.7 B
18.5 1.41 48.2 23.0 B
17.4 1.33 49.5 23.7 B
17.5 1.358 49.6 23.9 B
17.1 1.41 52.1 26.8 B
15.7 1.29 53.5 27.6 B
15.1 1.43 58.1 34.4 B
14.8 1.44 59.1 35.9 B
14.9 1.46 59.2 36.3 B
15.0 1.52 59.9 37.9 B
15.2 1.60 60.7 40.0 B
15.6 1.78 62.1 44 .2 B
17.0 2.06 62.1 47.2 B
18.1 2.27 61.7 48.5 B+C
18.4 2.38 62.0 50.2 C
19.5 3.28 65.4 68.7 Co
5.81 1.51 84.4 137 -
-10.0 30.0 1.31 12.0 3.28 A
8.46 0.371 33.6 9.20 A
4.65 0.240 46.2 14.9 A
10.0 0.668 52.0 21.7 A
13.7 1.02 52.2 24.3 B
12.1 1.19 62.1 38.2 B
11.4 1.05 61.1 35.3 B
11.7 1.20 63.5 40.6 B
11.8 1.22 63.7 41.3 B
14.4 1.85 65.8 52.7 B
15.6 1.91 63.7 48.8 B
18.2 3.06 66.7 70.1 c
6.8 1.7 82.9 128 D

8Molalities calculated by the compilers.

b
Solid phases: A UOZ(N03)2.6H20, B UOZ(N03)2.3H20,

C = UO,(NO;),.2H,0; D

]

Uo, (N0, ), - 3HNO, .

2 3)2
cAnalysis of solid phase after filtration gave 83.5% Uo?(N03)2 and
11.5% HNO3.
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COMPONENTS:

(1) Uranyl nitrate: UOZ(NO3)2;
{15905~86-9]

(2) Nitric acid; HNO,; [7697=37-2]

ORIGINAL MEASUREMENTS:
Yakimov, M. A.; Mishin, V. Ya.

Radiokhim., 1964, 6, 454 - 459.

Sov. Radiochem., 1964, 437. (Eng.)
(3) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:
Composition and temperature A. Sozanski; S. Siekierski
EXPERIMENTAL VALUES:
The UO,(NO,), - HNO, - H,0 System at 25%, 35%, s50%
Composition of Saturated Solutions?
uo,(NO,) HNO H,O Solid
o 2 372 3 2 Phaseb
t/C mass % mol/kg mass % mol/kg mass %
25 55.95 3.223 0 0 44.05 Ac
50.0 2.75 3.8 1.3 45.3 Ac
46.4 2.54 7.2 2.5 48.4 A
44.4 2.42 9.1 3.1 46.5 A
38.4 2.10 15.2 5.20 46.4 A
32.8 1.86 22.4 7.93 44.8 A
34.4 2.45 29.9 13.3 35.7 A
38.2 3.04 29.9 14.9 31.9 A+B
31.9 2.73 38.4 20.5 29.7 B
31.5 2.66 38.4 20.2 30.1 B
29,7 2.46 39.6 20.5 30.7 B
26.7 2.68 48.0 30.1 25.3 B
27.6 3.23 50.7 37.1 21.7 B
28.4 3.73 52. 43.0 19.3 B
28.7 3.87 52.5 44.3 18.8 B+C
27.3 3.81 54.5 47.5 18.2 Cc
26.7 3.85 55.7 50.2 15.6 (o}
24.8 3.91 59.1 58.3 l16.1 [
23.3 4.45 63.4 75.7 13.3 (o
22.1 4.71 66.0 88.0 11.9 o4
22.0 6.14 68.9 120 9.1 C
22.4 8.01 70.5 158 7.1 C
22.3 8.57 71.1 171 6.6 C
24.4 15.5 71.6 284 4.0 C
29.5 32.6 6B8.2 471 2.3 cC
29.9 39.9 68.2 570 1.9 c
33.7 53.5 64.7 642 1.6 C
(Continued on the next page)

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The isothermal method was used.
Experiments were performed as before
(1). Nitrate solutions were prepared
by dissolving uranyl nitrate hexa-
hydrate in nitric acid solutions. At
acad concentrations above 65 mass %,
50°C, or above 70 mass %, 25 C, anhy-
drous uranyl nitrate was used.Equili-
brium was established after 4 to 5
hours. Nitric acid was determined by
titration; uranium by precipitation
of ammonium diuranate, then calcined

to U3°8' Water found as difference.

SOURCE AND PURITY OF MATERIALS:

1. Uoz(No .6H20, not specified.

3)2
2. UO,(NO,),, Ref. (1).

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
1. Yakimov, M. A.; Nosova, N. F.:
Grishin, v. A.
Zh. Neorg. Khim., 1958, 3, 504.
2. Marketos, P.
Compt. Rend., 1912,

155, 210.
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COMPONENTS:

[15905-86~-9]

(1) Uranyl nitrate; UOZ(Noa)z;

ORIGINAL MEASUREMENTS:

Yakimov, M. A.; Mishin, V. Ya.

Radiokhim., 1964, 6, 454 - 459.
(2) Nitric acid; HNOB; [7697-37-2]
Sov. Radiochem., 1964, 437. (Eng.)
(3) Water; H,0; [7732-18-5]
EXPERIMENTAL VALUES: (Continued)
The UO,(NO,), - HNO, - H,O System at 25%¢, 35%, s0°c
Composition of Saturated Solutions?®
Uo, (NO,) HNO H,0 Solid
o 2 3°2 3 2 Phaseb
t/c mass % mol/kg mass % mol/kg mass %
25 37.6 119 61.6 1220 0.8 C+D
36.7 156 62.7 1660 0.6 D
36.1 183 63.4 2010 0.5 D
35 60.10 3.823 0 0 39.90 Ac
58.8 3.68 0.6 0.2 50.6 A
57.7 3.60 1.6 0.62 40.7 A
53.1 3.26 5.5 2.1 41.4 A
47.9 2.89 10.1 3.82 42.0 A
45.7 2.82 13.2 5.10 41.1 A
44.7 2.98 17.2 7.16 38.1 A
44.5 3.12 19.3 8.46 36.2 A
48.6 3.99 20.5 10.5 30.9 A
48.8 4.11 21.1 11.1 30.1 A+B
43.6 3.71 26.6 14.2 29.8 Bc
37.6 3.44 34.7 19.9 28.0 B
35.5 3.51 38.8 24.0 25.7 B
34.5 3.50 40.5 25.7 25.0 B
33.6 3.40 41.3 26.1 25.1 B
34.0 3.85 43.6 30.9 22.4 Bc
34.3 4.27 45.3 35.2 21.4 B
34.6 4.50 45.9 37.4 19.5 B
34.4 4.50 46.2 37.8 19.4 B
34.4 4.62 46.7 39.2 18.9 B
34.7 5.00 47.7 43.0 17.6 B+C
30.5 4.61 52.7 49.8 16.8 C
28.9 4.31 54.1 50.5 17.0 [od
26.4 4.85 59.8 68.8 13.8 o]
25.4 5.42 62.7 83.6 11.9 [od
25.5 7.27 65.6 117 8.9 C
31.0 23.1 65.6 306 3.4 [
31.0 22.5 65.5 297 3.5 C
40.5 103 58.5 928 1.0 C+D
39.5 501 60.3 4780 0.2 D
50 69.15 5.72 0.15 0.078 30.7 Ac
68.1 5.52 0.6 0.3 30.6 A
66.0 5.84 5.3 2.9 28.7 A
65.6 5.70 5.2 2.8 29.2 A
65.1 6.16 8.1 4.8 26.8 A
65.7 6.44 8.4 5.1 25.9 A+B
63.7 6.24 10.4 6.37 25.9 B
63.5 6.22 10.6 6.49 25.9 B
61.3 6.08 13.1 8.12 25.6 B

(Continued on the next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; Uoz(No3)2: Yakimov, M. A.; Mishin, V. Ya.
[15905-~86~9]
Radiokhim., 1964, 6, 454 - 459.
(2) Nitric acid; HNOB; [7697-37-2]
Sov. Radiochem., 1964, 437. (Eng.)

(2) Water:; Hzo; [7732-18~5]

EXPERIMENTAL VALUES: (Continued)

The UO,(NO,), = HNO, - H,O System at 25°c, 35%°c, 50°C

Composition of Saturated Solutions?
U02(N03)2 HNO3 Hzo gglldb
o ase
t/¢c mass % mol/kKg mass % mol/kg mass %

50 6l.1 5.99 13.0 7.97 25.9 B
58.2 5.59 15.4 9.26 26.4 B
51.2 5.24 24.0 15.4 24.8 Bc
48.4 5.12 27.6 18.3 25.0 B
47.3 5.31 30.1 21.1 22.6 B
47.1 5.24 30.1 21.0 22.8 B
45.8 5.26 32.1 23.1 22.1 B
45.5 6.08 35.5 29.7 19.0 B+C
44.8 6.05 36.4 30.7 18.8 Cc
43.9 6.16 38.0 33.3 18.1 C
43.0 6.03 38.9 34.1 18.1 C
40.7 5.90 41.8 37.9 17.5 C
38.7 5.88 44.6 42.4 16.7 c
34.5 5.84 50.5 53.4 15.0 C
29.4 7.04 60.0 89.8 10.6 c
28.4 9.24 63.8 130 7.8 c
28.1 10.3 65.0 149 6.9 c
29.3 11.8 64.4 162 6.3 c
34.0 24.7 62.5 283 3.5 [
41.0 52.0 57.0 452 2.0 C
44.0 69.8 54.4 540 1.6 C
45.1 60.2 53.0 443 1.9 Cc
45.5 88.8 53.2 649 1.3 C+D
44.5 565 55.3 4390 0.2 D

8Molalities calculated by the compilers.
b

Solid phases: A UOZ(NO .6H20: B = U02(NO .3H.0;

3)2 3)2 2
C = UO,(NO,),.2H,0; D = UO,(NO,;),.2HNO,.
®The sum of mass % is not equal to 100 (compilers).

COMMENTS AND/OR ADDITIONAL DATA
In the source paper, the phase diagram is given. Solubility
isotherms have four branches corresponding to the solubility of

Uo, (NO, ), .6H,0, UO,(NO,),.3H

2 0, UO,(NO;),.2H,0, UO,(NO,),.2HNO

2 3°

(Continued on the next page)
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; UOZ(Noa)z: Yakimov, M. A.; Mishin, V. Ya.
[15905-86-9]
Radiokhim., 1964, 6, 454 - 459,

(2) Nitric acid; HNO [7697-37-2]

37
(2) Water; Hzo; [7732~18~5])

Sov. Radiochem., 1964, 437. (Eng.)

EXPERTMENTAL VALUES: (Continued)

The UO,(NO,), - HNO, - H,0 System at 25°C, 35°%, s0°c

3

The solubility isotherms have four branches corresponding to the
solubility of UO,(NO,),.6H,0, UO,(NO,;),.3H,0, UO,(NO;),.2H,0, and
UOZ(NO3)2.2HNO3.

The phase diagram for this system is given as:

U0, [#0)),

W,lﬁﬂ,b-lﬂ,ﬂ
AL R

VN0, §K;0
‘ V0N, 2HN0,

H20 20 L) §0 a0 HNO,

Solubi&ity isotherms in the system U02(N03)2-HN03-H20 at 25°%
and 50°C (compositions in weight %).

1. This work.

2. Data from Gaunt, J.: Bastien, I. J.; Adelman, M.
can., J. Chem., 1963, 41, 527.

3. Data from Colani, A.
Bull. Soc. Chim. Fr., 1926, 39, 1243.




49

COMPONENTS:

(1) Uranyl nitrate; UO

(NO, ), ;
[15905-86-9] 277372

(2) Nitric acid; HN03: [7697-37-2]

ORIGINAL MEASUREMENTS:

Davis, W.; Lawson, P. S.:
De Bruin, H. J.; Mrochek, J.

J. Phys. chem., 1965, 69, 1904 -

1914.
(3) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:
Temperature: 298 K A. Sozanski; S. siekierski

EXPERIMENTAL VALUES:

The UO, (NO,), - HNO

3
Composition of Sat

O System at 25°c
a

-H2

urated Solutions

Density HNO uo,,(NO.,) Solid
3 2 3’2 Phaseb
3 3 3
g/cm mol/dm nol/kg mol/dm mol/kg
1.7793 0.005 0.006 2.440 2.985 A
1.7267 1.320 1.653 2.144 2.684 A
1.6587 2.478 3.130 1.804 2.279 A
1.5957 4.368 5.813 1.444 1.922 A
1.5837 5.932 8.224 1.240 1.719 A
1.6507 7.687 12.19 1.360 2.157 A
1.7341 8.282 14.24 1.600 2.750 A
1.6909 11.304 22.651 1.217 2.439 B

8Molalities calculated by the compilers.

bSolid phases: A = UOZ(NO3).6H20

» B = UO,(NO,),.3H,0.

2

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal method was used.
Uranyl nitrate hexahydrate was
agitated in sealed vessels with
agueous nitric acid of a known
concentration. The vessels were
agitated for 1 to 2 days in a thermo-
stat. The liquid phase was sampled
some time after agitation had been
stopped. The samples were analyzed
for uranium by conventional methods.
The solution densities were measured
in duplicate using 10 mL pycnometers.

SOURCE AND PURITY OF MATERIALS:

1. Uo,(No -6H,0 of high quality

3)2
was recrystallized from water.
HNO3, reagent grade, N2 sparged.

3. Water, distilled and deionized.

ESTIMATED ERROR:
Solubility: Nothing specified.

Temperature: Precision probably
+0.01K (compilers).

REFERENCES:
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COMPONENTS:

(1) Uranyl nitrate; UOZ(N03)2;
(15905-86-9]

(2) Nitric acid; HNO [7697~37-2]

37

ORIGINAL MEASUREMENTS:

Christensen, H. Th.;
Holmberg, K. E.

Nukleonik, 1968, 11, 165 = 170.

o
t/°c Uo,(NO,) ,
mass % mol /kg
-44.,7 2.9 0.12
-36.7 6.6 0.25
-34.3 8.1 0.31
-31.3 11.8 0.453
-29.3 13.9 0.535
-27.0 18.5 0.729
-25.0 25.0 1.03
-25.0 20.1 0.814
-25.0 11.7 0.464
-25.0 3.63 0.151
-25.0 2.50 0.110
-25.0 2.09 0.0999
-23.4 28.2 1.16
-22.0 33.6 1.43
~21.3 36.5 1.58
-20.1 40.7 1.82
-19.4 42.9 1.94
-18.0 41.7 1.89
-18.0 35.1 1.53
-18.0 21.1 0.869
-18.0 6.29 0.260
-18.0 3.32 0.156

(3) Water; Hzo; [7732-18=5]
VARIABLES: PREPARED BY:
Composition and temperature A. Sozanski; S. Siekierski
EXPERIMENTAL VALUES:
The UOZ(N03)2 - HNO3 - H20 System

Composition of Saturated Solutions?®

HNO H,O Solid
3 2 Phaseb
mass % mol/kg mass %
33.9 8.51 63.2 A+B+C
27.5 6.62 65.9 A+C
26.0 6.26 65.9 A+C
22.1 5.31 66.1 A+C
20.2 4.86 65.9 A+C
17.1 4.21 64.4 A+C
13.5 3.48 61.5 A
17.2 4.35 62.7 A
24.3 6.03 64.0 A
35.4 9.21 61.0 A
39.6 10.9 57.9 A
44.8 13.4 53.1 A
10.0 2.57 61.8 A+C
6.8 1.8 59.6 A+C
4.7 1.3 58.8 A+C
2.4 0.37 56.9 A+C
1.0 0.28 56.1 A+C
2.30 0.652 56.0 A
6.71 1.83 58.2 A
17.3 4.46 61.6 A
32.3 8.35 61.4 A
42.7 12.5 54.0 A

(Continued on the next page)

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal method was used. A 20
mL portion of the solution was placed
in an ultra-cryostat, and stirred
while cooling. The plot of tempera-
ture vs time was made, and an
inflection in the curve indicated the
beginning of crystallization. The
temperature was lowered by about 3°C,
and after 2 to 3 hours, crystals and
liquid were separated by centrifuging
(4 minutes, 2000 g). Nitric acid and
uranium concentrations were measured
by potentiometric titration (1,2).

SOURCE AND PURITY OF MATERIALS:

1.U0,(NO,),.6H,0, HNO,, A.R. grade.

2

2.H,0, purified by ion exchange and
dfstilled twice from quartz.

ESTIMATED ERROR:
Soly: nothing specified.

Temp.: Precision #0.0.02 to 0.04K.

REFERENCES:
1. Ahrland,

1960, 14,

2. Motojima, K.; Izawa, K.
Anal. Chem., 1964, 36,

S. Acta Chem. Scand.,
2035.

733.
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COMPONENTS:

(1) Uranyl n
[15905-8

itrate;
6~91]

ORIGINAL MEASUREMENTS:

UOZ(N03)2: Christensen, H. Th.:
Holmberg, K. E.

(2) Nitric acid; HNO3; [7697-37=2] Nukleonik, 1968, 11, 165 - 170.

(3) Water; H

05 [77

32-18-5]

EXPERIMENTAL VALUES: (Continued)

t/°¢c

~10.0
=-10.0
-10.0
=10.0
~-10.0

20.0
20.0
20.0
20.0
20.0

The UOZ(N03)2 - HNO3 - Hzo System

Composition of Saturated Solutions?

Uo,(NC.,) HNO H.,0 Solid
2 372 3 2 Phaseb
mass % mol/kg mass % mol/kg mass %

41.8 1.91 2.70 0.772 55.5 A
34.8 1.54 7.78 2.15 57.4 A
19.1 0.800 20.3 5.32 60.6 A
5.85 0.268 38.3 11.1 55.3 A
6.53 0.371 48.8 17.3 44.7 A
45.7 2.24 2.46 0.754 51.8 A
39.5 1.88 7.06 2.10 53.4 A
24.2 1.08 19.2 5.38 56.6 A
10.7 0.515 36.6 11.0 52.7 A
11.8 0.720 46.6 17.8 41.6 A
50.3 2.75 3.34 1.14 46.4 A
43.5 2.30 8.49 2.81 48.0 A
30.3 1.53 19.3 6.08 50.4 A
22.1 1.17 29.9 9.89 48.0 A
21.2 1.17 33.0 11.4 45.8 A

8Molalities calculated by the compilers.

b . _
Solid phases: A = UOZ(N03)2.6H20, B = HNO3.3H

2o,' C = ice.

COMMENTS AND/OR ADDITIONAL DATA:

In the source paper, the phase diagram is givgn. The lowest eutonic
point between hexahydrate and ice is at -44.7°C, and has the
composition UO

mass %.

,(NO 2.9 mass %; HNO_, 33.9 mass %, H,0, 63.2

3)2' 3’ 2
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COMPONENTS:

(1) Uranyl nitrate:; UOZ(NO3)2;
[15905-86-9]

(2) Nitric acid; HNO [7697-37-2]

37

(3) Water: H20: {7732-18-5]

ORIGINAL MEASUREMENTS:
Deigele, E.

Thesis, Munich 1983, INIS-mf-9277.

VARIABLES:

Composition at 278 K

PREPARED BY:

L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

The UO, (NO,), - HNO

, - H,0 System at 5%

Composition of Saturated solutions?

HNO3 UOZ(Noa)2 Hzo
mass % mol/kg mass % mol/kg mass %
2.26 0.851 42.68 1.967 55.05
1.17 0.364 47.81 2.378 51.02
0.94 0.296 48.71 2.455 50,35
1.88 0.577 46.94 2.280 51.67
1.61 0.527 49.93 2.615 48.46
2.75 0.828 44.52 2.143 52.73
2.35 0.739 47.19 2.373 50.46
2.86 0.833 45.17 2.206 51.97
5.40 1.59 40.76 1.921 53.84
4.67 1.43 43.68 2.146 51.76
4.06 1.24 43.91 2.142 52.02
5.37 1.63 42.33 2.054 52.30
4.89 1.52 44.03 2.188 51.08
5.56 1.76 44.26 2.238 50.18
5.73 1.76 42.69 2.096 51.63
6.48 1.93 40.29 1.921 53.23
7.36 2.19 39.32 1.871 53.32
6.95 1.98 41.81 2.051 51.74
6.57 2.00 41.39 2.018 52.04
6.10 1.86 41.77 2.033 52.14
9.37 2.81 37.66 1.804 52.97
9.72 2.90 37.11 1.771 53.17

11.18 3.269 34.55 1.616 54.27
11.87 3.488 34.12 1.603 54.02
12.61 3.759 34.15 1.628 53.24
12.01 3.526 33.94 1.594 54.05
15.45 4.361 28,32 1.278 56.24
16.70 4.843 28.57 1.325 54.73

(Continued on the next page)

AUXTLIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used.
Uranium nitrate hexahydrate or U
(when gitric acid exceeded 16
mol/dm”) was dissolved in nitric
acid at roog temperature, and then
cooled to 5°C. The precipitated solid
and the cooled so&ution were stirred
for 24 hours at 5°C. The uranium
content was determined by evaporation
of the solution and ignition to U404
The total content of nitrate ions
was measured by titration with NaOH
after removal of uranium using Dowex
50 W-X8 ion exchanger. The HNO
content was determined as the -
difference.

o

378

SOURCE AND PURITY OF CHEMICALS:

Nothing specified.

ESTIMATED ERROR:
Solubility: Nothing specified.

Temperature: Precision 10.3C.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate:; Uoz(No3)2; Deigele, E.
[15905~86-9]
Thesis, Munich 1983, INIS-mf-9277.

(2) Nitric acid; HNO.; [7697-37-2]

37
(3) Water; H,0; [7732-18~5]

EXPERIMENTAL VALUES: (Continued)

o
The system UOZ(NO3)2 HN03 - H20 at 5°C

Composition of saturated solutions?®

HNO, uo, (NO, ), H,0
mass % mol/kg mass % mol/kg mass %
18.08 5.152 26.23 1.195 55.69
17.04 4.851 27.21 1.239 55.75
17.17 4.838 26.51 1.195 56.32
21.67 6.103 21.98 0.9899 56.35
20.85 5.841 22.50 1.008 56.65
25.88 7.301 17.86 0.8056 56.25
22.67 6.392 21.04 0.9486 56.27
19.58 5.487 23.79 1.066 56.63
21.57 6.049 21.84 0.9794 56.59
24.79 6.988 18.91 0.8524 56.30
29.97 7.974 16.36 0.7458 55.67
28.60 8.248 16.37 0.7549 55.03
30.39 8.780 14.68 0.6782 54.93
29.88 8.633 15.19 0.7018 54.94
30.61 8.862 14.57 0.6741 54.82
29.51 8.951 15.07 0.6901 55.42
30.06 8.664 14.88 0.6858 55.06
31.93 9.331 13.76 0.6430 54.31
36.23 11.19 12.37 0.6108 51.40
32.70 9.591 13.19 0.6186 54.11
34.43 10.38 12.94 0.6240 52.63
35.76 10.94 12.36 0.6046 51.89
37.85 11.99 12.06 0.6110 50.09
38.05 12.10 12.05 0.6128 49.90
40.34 13.45 12.07 0.6437 47 .59
44.83 19.11 17.93 1.222 37.24
44.22 17.09 14.72 0.9098 41.07
44.04 16.68 14.05 0.8508 41.91
44 .07 18.35 16.64 1.092 38.67
44.92 19.45 18.42 1.275% 36.67
44.72 19.69 19.23 1.354 36.05
53.75 29.01 16.84 1.453 29.42
52.23 27.51 17.64 1.486 30.13
55.59 31.92 16.17 1.474 27.83
62.02 47.53 17.27 2.116 20.70
62.12 51.18 18.62 2.953 19.26
61.81 52.15 19.38 2.615 18.81
61.93 50.61 18.65 2.437 19.42
61.71 56.51 20.96 3.069 17.32
62.27 49.17 17.63 2.226 20.11
65.68 61.03 17.24 2.562 17.08
69.90 83.60 16.83 3.219 13.26
67.72 71.08 17.16 2.880 15.12
60.07 39.54 15.82 1.665 24.10
60.34 40.44 15.98 1.722 23.68
61.00 43.65 16.82 1.925 22.17
67.91 72.82 17.29 2.965 14.81
66.80 66.63 17.29 2.758 15.91
65.09 60.48 17.83 2.649 17.09
54.22 29.41 16.52 1.433 29.26
57.37 33.72 15.63 1.469 27.00
60.92 41.71 15.90 1.741 23.18
63.79 57.59 18.60 2.680 17.61

(Continued on the next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate: UOZ(NOB)z; Deigele, E.
{15905-86~-9]
Thesis, Munich 1983, INIS-mf-9277.

(2) Nitric acid; HNO [7697=37~2]

37
(3) Water; H,0; [7732-18-5]

EXPERIMENTAL VALUES: (Continued)

o
The Uoz(NO3)2 - HNO3 - Hzo system at 5°C

Composition of saturated solutions?

HNO3 UOZ(N03)2 HZO
mass % mol/kg mass % mol/kg mass %
61,59 51.91 19.58 2.639 18.83
63.74 56.93 18.49 2.641 17.77
50.54 25.55 18.07 l.461 31.38
55.56 31.19 16.17 1.452 28.26
57.36 39.06 15.91 1.511 26.73
63.65 57.43 18.76 2.707 17.59
80.32 238.3 14.33 6.798 5.35
63.30 55.84 18.71 2.639 17.99
76.91 173.1 16.04 5.774 7.05
51.23 26.25 17.80 1.459 30.97
62.35 53.81 19.26 2.658 18.39
75.58 134.9 15.51 4.418 9.918
61.83 52.33 19.42 2.628 18.75
69.30 94.89 19.11 4.184 11.59
46,23 21.86 20.20 1.527 33.57
49.81 24.74 18.24 1.449 31.95
79.65 219.8 14.60 6.444 5.75
73.18 108.9 16.16 3.847 10.67
61.01 50.35 19.76 2.608 19.22
79.41 197.5 14.21 5.652 6.37
48.45 23.41 18.70 1.445 32.84
79.38 209.3 14.60 6.155 6.02
67.78 85.31 19.61 3.947 12.61
69.12 93.92 19.20 4.172 11.68
73.58 116.0 16.35 4.140 10.07
48,37 23.77 19.33 1.159 32.30
75.55 125.7 14.91 3.966 9.54
66.57 77.46 19.79 3.682 13.64
83.05 282.2 12.28 6.673 4.67
67.54 84.40 19.76 3.949 12.70
69.36 92.81 18.78 4.019 11.86
45,03 21.06 21.04 1.574 33.92
66.86 71.41 18.28 3.122 14.86
66.41 78.65 20.19 3.824 13.40
70.46 90.11 17.13 3.503 12.41
68.92 81.81 17.71 3.362 13.37
69.31 85.54 17.83 3.519 12.86
44.33 20.51 21.37 1.581 34.29

8Molalities calculated by the compilers.
COMMENTS AND/OR ADDITIONAL DATA:

At 11 mol/dmg HNO,, equilibrium solid changes from hexa- to trihydrate;
at 16 mol/dm™, frgm the tri- to the dihydrate. At these nitric acid
concentrations, an apgreciable scatter of results was observed. It is
possible at 19 mol/dm™ HNO.,, the equilibrium solid is the monohydrate.
No evidence found for the“existence of a solid in which hydrated water
i§ replaced by HN03. In the source paper, the triangular diagram is also
given.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate: Uoz(No3)2; Colani, A.
[15905~86=9]
Bull. Soc. Chim. Fr., 1928, 43,
(2) Ammonium nitrate; NH4N03; 194 - 199.
[6484~-52~2]

(3) Water:; H20; [7732-18~5]

VARIABLES: PREPARED BY:

Temperature: 298 K L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

3 H20 System at 25%

Composition of Saturated solutions®

The U02(N03)2 - NH4NO

Uo,(NO.,) NH ,NO Solid
2 372 473 Phaseb

mass % mol/kg mass % mol/kg

56.08 3.240 0 0 A
54.53 3.221 2.50 0.727 A
53.23 3.343 6.36 1.97 A
51.79 3.474 10.38 3.428 A
53.06 4.534 17.24 7.252 A
54.35 5.593 20.99 10.63 A
52.00 5.101 22.13 10.69 B
49.33 4.862 24.92 12.09 B
46.31 4.692 28.64 14.28 B
40.81 4.227 34.69 17.69 B
40.23 4.154 35.19 17.89 (o4
30.54 2.958 43.26 20.63 [
23.12 2.046 48.21 21.01 (o4
18.10 1.528 51.84 21.55 C
6.90 0.543 60.84 23.56 C

0 0 65.72 23.95 C

8Molalities calculated by the compilers.
b

Solid phases: A UOz(NO .6H,O; B = UOZ(NO3)2.2NH NO,.2H_O.

3)2 2 473 2
Cc

]

NH4NO3.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Nothing specified, but probably the Nothing specified.

isothermal procedure as given in (1).
No numerical data are given in (1), ESTIMATED ERROR:
but a small phase diagram was
presented. Nothing specified.

REFERENCES:

1. Colani, A.
Compt. Rend. 1927, 185, 1475.
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COMPONENTS:

(1) Uranyl nitrate; UOZ(N03)2:
[15905-86-9]

(2) Anmonium nitrate; NH ,NO,;
[6484-52-2]

(3) Water; H,0; [7732~18-5]

ORIGINAL MEASUREMENTS:
Colani, A.

Compt. Rend., 1927, 185, 1475 =
1476.

VARTABLES:

Temperature: 298 K

PREPARED BY:

A. Sozanski; S. Siekierski

i

EXPERIMENTAL VALUES:

concentration of NH4NO3
Uo,(No,),.6H,

The results are given only in the form of a small diagram in
which the concentration of UOZ(N03)2 is plotted against the
. The following solid phases were found:

0, (NH,),U0,(NO,),.2H,0 and NH,NO,.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal analytical method
was used. No additional information
is given.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate; Uo (NO ) : Rimbach, E.
[15905~86=9]
Ber., 1904, 37, 461 ~ 488.
(2) Ammonium nitrate; NH,NO,
[6484~52-2]
(3) Water; H20; {7732-18~5]
VARIABLES: PREPARED BY:
Composition and temperature L. Fuks; S. Siekierski
EXPERIMENTAL VALUES:
The U0, (NO,), - NH,NO, - H,0 System
composition of Saturated solutions®
U0, (NO,) NH NO Solid
o 2 3’2 473 Phaseb
t/c mass % mol /kg mass % mol/kg
0.5 43.35 2.519 12.97 3.710 A
13.5 47.20 3.186 15.20 5.051 A
24.9 53.21 4.348 15.73 6.327 A
35.0 61.39 6.678 15.28 8.183 A
59.0 64.74 7.341 12.88 7.190 B
80.7 65.60 7.868 13.24 7.817 B
8Molalities calculated by the compilers.
b
Solid phases: A = UO,(NO,),.6H,0; B = UO,(NO,),.2NH,NO,.nH,0.

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal analytical method was
used. Weighed amounts of the double
salt and water were mixed at the
investigated temperature. The
solution was analyzed either after
water evaporation, or after the
uranium precipltation using (NH4
The uranium concentration was
measured after its calcination to th
oxide, U,0g.

),S.

SOURCE AND PURITY OF MATERIALS:

Pure uranium~ammonium salt was
used.

ESTIMATED ERROR:

Nothing specified.

e | REFERENCES:
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COMPONENTS :
(1) Uranyl nitrate; UOZ(Noj)z;
{15905-86-9] b
(2) Lithium nitrate:; LiNo3;
[7790-69~-4]

Water; H

(3) 0; [7732-18-5]

2

ORIGINAL MEASUREMENTS:

Yakimov, M. A.; Nosova, N. F.

Zh. Neorg. Khim., 1961, 6, 208 =~

211.
Russ. J. Inorg. Chem., 1961, 6,
103. (Eng. trans.)

VARIABLES:

composition at 273 and 298 K

PREPARED BY:

A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

- LiNO, -

The UO,, (NO 3

3)2

H,0 System at 0°C and 25°C

Composition of Saturated Solutions?

uo, (NO.) LiNO H,O Solid
o 2 372 3 2 Phaseb
t/c mass % mol/kg mass % mol/kg mass %

0 0 0 34.7 7.71 65.3 A
2.6 0.10 31.6 6.97 65.8 A

4.2 0.16 30.6 6.81 65.2 A

8.6 0.35 29.1 6.77 62.3 A

11.1 0.458 27.4 6.46 61.5 A

13.4 0.563 26.2 6.29 60.4 A

17.0 0.734 24.2 5.97 58.8 A

17.6 0.760 23.6 5.82 58.8 A+B

18.0 0.780 23.4 5.79 58.6 B

23.2 1.02 19.2 4.83 57.6 B

24.8 1.09 17.6 4.43 57.6 B

29.4 1.32 14.2 3.65 56.4 B

34.0 1.59 11.6 3.09 54.4 B

38.6 1.81 7.2 1.9 54.2 B

44 .0 2.14 3.8 1.1 52.2 B

49.5 2.49 0 0 50.5 B

(Continued on the next page)
AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The procedure has been described in
Ref. (1). Uranium was determined in
both phases by precipitation as the
ammonium diuranate followed by
calcination to the oxide, U308
lithium content in filtrate
was determined by evaporation with
HZSO4 as Li2504.

. The

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Solubility: Nothing specified.

Temperature: Nothing specified.

REFERENCES:

1. Yakimov, M. A.; Nosova, N. F.;
Grishin, V. A.

Zh. Neorg. Khim., 1958,
504.

3,




COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate: U02(N03)2: Yakimov, M. A.; Nosova, N. F.
[15905-86~9]
Zh. Neorg. Khim., 1961, 6, 208 -
(2) Lithium nitrate; LiNO3; 211.
[7790-69-4]
Russ. J. Inorg. Chem., 1961, 6,
(3) wWater; Hzo: [7732~18-5] 103. (Eng. trans.)

EXPERIMENTAL VALUES: (Continued)

The UO,(NO;), - LiNO, - H,0 System at 0°C and 25°C

2
Composition of Saturated Solutions?®
UOZ(NO3)2 L1N03 Hzo gﬁlldb
o ase
t/°C mass % mol/kg mass % mol/kg mass 2

25 o] 0 46.4 12.6 53.6 A
2.9 0.14 45.0 12.5 52.1 A
4.8 0.24 44.2 12.6 51.0 A
7.2 0.37 43.0 12.5 49.8 A
9.4 0.49 41.8 12.4 48.8 A
10.6 0.560 41.4 12.5 48.0 A
12.8 0.687 39.9 12.2 47.3 A
14.6 0.795 38.8 12.1 46.6 A
15.0 0.820 38.6 12.1 46.4 A
18.4 1.04 36.7 11.9 44.9 A
20.6 1.19 35.6 11.8 43.8 A
22.2 1.31 34.9 11.8 42.9 A+B
22.4 1.29 33.4 11.0 44.2 B
22.8 1.29 32.4 10.5 44.8 B
23.2 1.30 31.4 10.0 45.4 B
23.8 1.31 30.0 9.42 46.2 B
24.2 1.32 29.2 9.09 46.6 B
24.8 1.33 27.8 8.51 47.4 B
26.4 1.38 25.0 7.46 48.6 B
26.8 1.41 24.8 7.43 48.4 B
30.0 1.56 21.2 6.30 48.4 B
32.2 1.68 19.2 5.73 48.6 B
34.2 1.79 17.4 5.21 48.4 B
36.6 1.93 15.2 4.57 48.2 B
41.0 2.20 11.6 3.55 47.4 B
44.6 2.44 9.0 2.8 46.4 B
48.0 2.67 6.4 2.0 45.6 B
51.4 2.90 3.6 1.2 45.0 B
55.95 3.223 0 0 44.05 B

8Molalities calculated by the compilers.

Darn s e A = T . B =
Solid phases: A L1N03.3H20, B Uoz(Nos)z‘Gﬂzo’
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; UOZ(NO3)2:
[15905~86-9] Colani, A.

(2) Sodium nitrate: NaN03; Compt. Rend., 1927, 185, 1475 -
{7631~-99-4] 1476.

(3) Water; H,0; [7732-18-5]

VARIABLES: PREPARED BY:

One temperature: 298 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:
The solubility of uranyl nitrate in water at 25°%c was reported as
44.2 g/100 g of solution, and the solubility of sodium nitrate at
259% in water was reported as 16.2 g/100 g of solution. The

equilibrium solids are UOZ(NO .6H20 and NaNoa. The molality of

3)2
uranyl nitrate in a saturated solution at the eutonic point at 25°%

is 2.83 mol/kg (compilers).

AUXTLIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SQURCE AND PURITY OF MATERIALS:
The isothermal analytical method Nothing specified.

was used. No additional information

was given.
ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; U02(NO3)2; Colani, A.
[15905-~86~9]
Bull. Soc. Chim. Fr., 1928,

(2) Sodium nitrate:; NaNOB: 43, 194 - 195.
[7631~99-4]
(3) Water:; HZO; [7732-18-5]
VARIABLES: PREPARED BY:
One temperature: 298 K L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

o
The UOZ(NOB)Z - NaNO3 - HZO System at 25°C

Composition of Saturated Solutions?

UOZ(NO NaNO3 Solid

3)2

Phaseb

mass % mol/kg mass % mol/kg

56.08 3.240 0 0 A
53.06 3.096 3.45 0.933 A
51.59 3.092 6.06 1.68 A
48.62 2.941 9.43 2.64 A
45.37 2.861 14.39 4.207 AC
44.20 2.833 16.20 4.812 A
40.76 2.483 17.58 4.964 B
34.35 2.009 22.26 6.035 B
20.83 1.114 31.71 7.860 B
9.12 0.455 40.06 9.273 B

0 0 47.78 10.76 B

8Molalities calculated by the compilers.

b

Solid phases: A = UOZ(NO3)2.6H O B = NaNo3.

2
©In Reference (1), this data point is given as the eutonic point,

i.e., with solid phases A + B.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Nothing specified, but probably Nothing specified.

the isothermal method was used as in

Ref. (1).

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
1. Colani, A.

comp. Rend., 1927, 185, 1475.
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COMPONENTS:

(1) Uranyl nitrate; Uoz(N03)2;
[15905-86-9]

(2) Potassium nitrate:; KN03;
[(7757=-79-1]

(3) water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS:
Rimbach, E.

Ber., 1904, 37, 461 - 488.

VARTABLES:

Composition and temperature

PREPARED BY:

L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

Uoz(NO3)2

t/oc mass % mol /kg
0.5 46.66 2.422
13.0 48.74 2.800
25.0 54.09 3.864
45.0 61.55 6.221
59.0 60.78 6.528
80.6 63.78 8.204

bSolid phases: A = KNO.,;

B = UOZ(NOB)z.KNO .

The Uoz(NOS)2 - KNO3 - H20 Systen

Composition of Saturated Solutions?

KNO3
mass % mol/kg Solidb
Phase
4.45 0.900 A
7.08 1.58 A
10.39 2.893 A
13.34 5.254 A
15.59 6.525 B
16.49 8.266 B

8Molalities calculated by the compilers.

3

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal method was used.
Weighed quantities of the double salt
and water were mixed at the desired
temperature. The solution was
analyzed either after evaporation of
the water, or following the uranium
precipitation by using (NH4)ZS.

The uranium content was

determined after calcination of the

precipitate to the oxide, U,04-

SOURCE AND PURITY OF MATERIALS:

Pure uranium -~ potassium double
salt was used.

ESTIMATED ERROR:

Nothing specified.

REFERENCES ¢
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COMPONENTS:

(1) Uranyl nitrate: U02(N03)2:
[15905-86=9]

(2) Potassium nitrate; KNO

37
[7757-79-1]

(3) Water; H,0; [7732-18-5)

ORIGINAL MEASUREMENTS:
Colani, A.

Compt. Rend., 1927, 185, 1475 =
1476.

VARIABLES:

One temperature: 298 X

PREPARED BY:

A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

of the solution (compilers).

The solubility of uranyl nitrate hexahydrate in water at 25%
is reported as 53.8 g/100 g of the solution, and the solubility

of potassium nitrate at 25° in water is reported as 10.4 g/100 g

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal method was used. No
additional information was given.

SOURCE AND PURITY OF MATERTALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES :
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate; Uoz(No3)2;
[15905-86=9] Colani, A.
(2) Potassium nitrate; KNOB; Bull. Soc. Chim. Fr., 1928,

[7757=79-1] 43, 194 - 199.

(3) Water; H,0; [7732-18-5)

VARTABLES: PREPARED BY:

Temperature: 298 K L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

o
The UOZ(N03)2 - KNO3 - H20 System at 25°C
Composition of Saturated solutions®
UO,(NO.) KNO Solid
2 372 3 Phaseb
mass % mol/kg mass % mol/kg

56.08 3.240 0 0 A
54.68 3.307 3.36 0.792 A
54.21 3.398 5.30 1.30 A
53.90 3.738 9.51 2.57 Ac
53.88 3.828 10.40 2.880 A
48.65 3.012 10.36 2.500 B
40.60 2.314 11.11 2.275 B
25.80 1.065 12.74 2.050 B
9.71 0.350 19.94 2.803 B
6.46 0.225 21.23 2.902 B
3.16 0.109 23.15 3.107 B
0 4] 27.44 3.740 B

8Molalities calculated by the compilers.
b

Solid phases: A = Uoz(NO3).6H20, B = KNO,.
©In Reference (1), this is given as the eutonic point, i.e.,

the solid phase is A + B.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Nothing specified, but the isothermal|Nothing specified.
method was probably used, as
discussed in Ref. (1).

ESTIMATED ERROR:
Solubility: Nothing specified.

Temperature: Nothing specified.

REFERENCES:

1. Colani,
Compt. Rend., 1927, 185, 1475.
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COMPONENTS:
(1) Uranyl nitrate;

UO, (NO_ ). ;
[15905-86-9] 232

ORIGINAL MEASUREMENTS:

Perova, A. P.

Zh. Neorg. Khim., 1956, 1, 323-

(2) Potassium nitrate; KN03: 329.
[7757=79-1] Russ. J. Inorg. Chem., 1956, 1,
(3) Water; H207 [7732=18-5] 140. (Eng. trans.)
VARTABLES: PREPARED BY:
Composition and temperature A. Sozanski; S. Siekierski
EXPERIMENTAL VALUES:
The Uoz(Noa)2 - KNO3 - H20 System
Composition of Saturated Solutions?
o
t/C uo,(NO,) KNO H.,O Solid
2 372 3 2 phaseb
mass % mol/kg mass % mol /kg mass %
0 ——— - 12.24 1.379 87.76 A
1.00 0.0289 11.3 1.27 87.7c 4 A
7.4 0.23 0 1.1 83.47' A
24.0 0.870 6.0 0.85 70.0 A
38.7 1.72 4.1 0.71 57.2 A
48.3 2.50 2.69 0.543 40.0%/9 A+B
49.8 2.52 —— ——— 50.2 B
5 —— —— 14.4 1.66 85.6 A
0.9 0.03 14.3 1.67 84.8 A
7.1 0.22 11.4 1.38 81.5 A
23.6 0.870 7.6 1.1 68.8 A
38.0 1.69 5.1 0.89 56.9 A
48.0 2.56 4.5 0.94 47.5 A
49.8 2.78 4.8 1.0 45.4C A+B
51.3 2.67 ——— - 48.7 B
10 - ——— 17.7 2.13 82.3 A
0.8 0.02 16.7 2.00 82.5 A
7.0 0.22 14.0 1.75 79.0 A
23.0 0.866 9.6 1.4 67.4 A
37.3 1.68 6.4 1.1 56.3 A

(Continued on the next page)

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

Solubility in three-component systems
was determined by the polythermal,
visual technique. A glass test tube
with a given solution was dipped in
liquid air, and then slowly warmed.
Temperature of appearance of the
first crystals during cooling and of
dissolution of the last crystals at
warming was noted. To verify results,
and to determine the eugonic poiBt,
isothermal methods at 0 C and 25°C
were also used. Investigations were
carried out in a thermostat with a
stirrer. Solutions with a composition
near the investigated points were
prepared, then 10 to 15% excess solid
salt was added. gqui]ibrium was
estab%ished at 0 C after 3 hours, and
at 25 C after 1 hour. Potassium and
uranium measured gravimetrically.

SOURCE AND PURITY OF MATERIALS:

1.U02(N0 .6H20 and KNO3 both of

3)2

unknown purity, recrystallized

from water.

ESTIMATED ERROR:
Solubility: Nothing specified.

Temperature: Precision +0.1 K.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate:; UOZ(N03)2:
[15905-86=9) Perova, A. P.
(2) Potassium nitrate; KNOa; Zh. Neorg. Khim., 1956, 1, 323 -
[{7757=-79-1] 329.
Russ. J. Inorg. Chem., 1956, 1,
(3) Water; Hzo; [7732-18-5] 140. (Eng. trans.)

EXPERTMENTAL VALUES: (Continued)

The UO,(NO,), - KNO, - H,O System

3
Composition of Saturated Solutions?

o) .
t/°c UO., (NG.,) KNO H.0 Solid
2 3’2 3 2 Phaseb
mass % mol/kg mass % mol /kg mass %
10 47.6 2.59 5.8 1.2 46.6 A
51.5 3.08 6.0 1.4 42.5° A+B
52.0 2.75 _— —— 48.0 B
15 _— _— 20.0 2.47 B0.0 A
0.75 0.024 19.8 2.46 79.45 A
6.8 0.23 17.0 2.21 76.2 A
22.4 0.863 11.7 1.76 65.9 A
37.0 1.70 7.9 1.4 55.1 A
47.3 2.64 7.2 1.6 45.5 A
53.0 3.39 7.3 1.8 39,7° A+B
52.8 2.84 _— —— 47.2 B
20 —— -— 23.95 3.115 76.05 A
0.7 0.02 23.6 3.08 75.7 A
6.4 0.22 20.15 2.713 73.45 A
22.0 0.867 13.6 2.09 64.4 A
36.3 1.70 9.4 1.7 54,3 A
46.3 2.62 8.8 1.9 44.9 A
53.6 3.63 8.9 2.3 37.8° A+B
54.4 3.03 -— — 45.6 B
25 _— _— 27.64 3.778 72.36 A
0.65 0.023 26.7 3.64 72.65 a
6.2 0.22 23.5 3.31 70.3 A
21.5 0.865 15.4 2.41 63.1 A
35.6 1.69 11.0 2.04 53.4 A
45.8 2.67 10.6 2.40 43.6 A
54.1 3.92 10.9 3.08 35.0° A+B
55.9 3.22 - —— 44.1 B

Initial Solution I: UOZ(NO3)2 = 1.56 mass %, Hzo = 98.44 mass %

(KNO3 was added)

- 0.2 1.56 0.0402 —-— - 98.44 ice

- 0.6 1.52 0.0400 1.96 0.201 96.52 ice

- 1.6 1.50 0.0402 3.84 0.401 94.66 ice

- 2.0 1.44 0.0401 7.40 0.803 91.16 ice

- 2.8 1.43 0.0404 8.80 0.970 89.77° ice+a
1.5 1.39 0.0401 10.71 1.205 87.90 A
6.8 1.34 0.0401 13.79 1.607 84.87 A

(Continued on the next page)
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COMPONENTS:

ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate:; UO (NO ) H Perova, A. P.

[15905~86-9]

Zh. Neorg. Khim., 1956, 1, 323 -

(2) Potassium nitrate; KN03: 329.
[7757-79~-1] Russ. J. Inorg. Chem., 1956, 1,

(3) Water;

H,0; [7732-18-5]

140. (Eng. trans.)

EXPERIMENTAL VALUES: (Continued)

(o]

t/ c U0, (NO.,,) KNO H,O0 Solid
2 3’2 3 2 Phaseb
mass % mol/kg mass % mol /kg mass %
Initial Solution I: UO,(NO,), = 1.56 mass %, H,O = 98.44 mass %
(K 0 %aé added) (contlnaed)
10.0 1.32 0.0402 15.25 1.808 83.43 A
12.8 1.30 0.0402 16.66 2.009 82.04 A
14.8 1.27 0.0399 18.03 2.210 80.70 A
19.6 1.23 0.0399 20.63 2.611 78.14 A
24.2 1.20 0.0402 23.07 3.013 75.73 A
Initial Solution II: UO_(NO.,)., = 8 mass %, Hzo = 92.0 mass %
(Kﬁo waé added)
- 1.0 8.0 0.22 —— — 92.0 ice
- 2.2 7.68 0.220 3.84 0.429 88.48 ice
- 3.0 7.40 0.220 7.40 0.859 85.20 ice
- 3.2 7.38 0.220 7.5 0.871 85.12° ice+a
3.6 7.14 0.221 10.71 1.289 82.15 A
9.8 6.89 0.220 13.79 1.720 79.32 A
14.6 6.66 0.220 16.66 2.149 76.68 A
18.6 6.45 0.221 19.35 2.579 74.20 A
22.4 6.25 0.221 21.87 3.009 71.88 A
25.6 6.06 0.221 24.25 3.442 69.69 A
Initial Solution IIT: (NO.).,, = 25 mass %, Hzo = 75 mass %
(Kﬁo aag added)
- 5.4 25.0 0.846 —— —— 75. ice
- 6.0 23.8 0.845 4.76 0.659 71.44 ice
- 6.4 23.8 0.830 3.40 0.462 72.80c ice+A
- 2.4 23.8 0.845 4.76 0.659 71.44 A
10.4 22.72 0.856 9.90 1.45 67.38 A
19.2 21.73 0.845 13.04 1.977 65.23 A
31.5 20.83 0.846 16.66 2.636 62.51 A
Initial Solution IV: (NO,), = 40 mass %, H 50 = 60 mass %
(Kﬁ Az added)
-14.4 40.00 1.692 ——— —— 60.0 ice
-14.8 39.0 1.675 1.92 0.321 59.08c ice+a
-13.6 39.16 1.688 1.96 0.329 58.88 A
- 0.4 38.46 1.692 3.84 0.658 57.70 A
6.8 37.73 1.691 5.66 0.989 56.61 A
13.2 37.03 1.691 7.40 1.32 55.57 A
19.0 36.36 1.717 9.90 1.82 53.74 A
24.4 35.71 1.691 10.71 1.977 53.58 A

The UO,(NO,), - KNO, - H,0 System

3
Composition of Saturated Solutions?®

(Continued on the next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate:; Uoz(Noa)z; Perova, A. P.
{15905-86~9]
Zh. Neorg. Khim., 1956, 1, 323 -
329.
Russ. J. Inorg. Chem., 1956, 1,

(2) Potassium nitrate; KNO 1956
140. (Eng. trans.)

[7757-79-1] 3

(3) Water; H.0; [7732-18-5
2

EXPERIMENTAL VALUES: (Continued)

3" H20

Composition of Saturated solutions?

The System Uoz(Noa)2 - KNO

(o]

t/C Uo,(NO,) KNO H.,O Solid
2 372 3 2 Phaseb
mass % mol/kg mass % mol/kg mass %
Initial solution V: UOZ(NOB)z = 50 mass %, Hzo = 50 mass %
(KNO3 was added)
1.2 50.00 2.538 ——— - 50.0 B
0.5 49.01 2.537 1.96 0.395 49.03 B
0.2 48.47 2.579 3.84 0.796 47 .69 B
0.2 48.3 2.564 3.90 0.807 47.8 B+A
9.0 47.17 2.538 5.66 1.19 47.17¢ A
16.4 46.29 2.537 7.40 1.58 46.31 A
23.0 45.45 2.583 9.90 2.19 44 .65 A

8Molalities calculated by the compilers.

bSolid phases: A = KNO,; B = UOZ(NO3)2.6H a.

3:
®pata taken from diagram.

2

dThe sum of mass % is not equal to 100 (compilers).
COMMENT AND/OR ADDITIONAL DATA:

Five solutions were used initially, and investigated at different
temperatures. Investigation of the system with the initial composition
of Solutions I through V was directed toward a determination of the
crystallization areas of ice and potassium nitrate, regions I - IV, and
of ice and uranyl nitrate, region V. Solubility isotherms at the
following temperatures:

0%, 5%, 10%, 15%°, 20%°% ana 25°%
were obtained from polythermal data by the graphic method.

The lowest eutonic point for the Uoz(Noa)z-KNo3-H20 system is —19.4°C,
and has the following composition:
U02(N03)2 = 45.2 mass %, KNO

= 2.1 mass %, H,0 = 52.5 mass 3%.

3 2
The polytherm diagram has three areas: ice, KNO,, and UO,(NO )2.6H 0. The
area of KNO, is the largest and UO, (NO,) .6H20 is the smgllegt. Thg
solubility gf KNO., decreases with incr%aging Uo, (NO, )., concentration. The
solubility of uragyl nitrate is smaller when po%assiuﬁ nitrate is o
present at low concentrations, and is greater at temperatures above 25°C,
e.g., in the gbsence of potassium nitrate, solubility of uranyl nitrate
at 0°C and 25 °C is 97.8 and 126.7 per 100 g of water, respectively, and
in the absence of KNO,, 91.9 and 154.4. Analogous data for KNO

solubility in the absé@nce apd presenge of uranyl nitrate are 13.9 and
37.2, and 5.3 and 31.1 at 0°C and 25 C, respectively.

Phase diagrams are given in the source paper.
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COMPONENTS:
(1) Uranyl nitrate; Uoz(Noa)z;
[15905-86~9]

ORIGINAL MEASUREMENTS:
Perova, A. P.

(2) Potassium nitrate; KNO3: Zh. Neorg. Khim., 1956, 1, 330 -
[7757-79-1] 336.

(3) Water; H20; [7732-18~5} Russ.J.Inorg.Chem., 1956, 1, 140.

VARIABLES: PREPARED BY:

Composition and temperature A. Sozanski; S. Silekierski

EXPERIMENTAL VALUES:
The UO,(NO,), = KNO

Composition of Satur

3~ H20 System

ated Solutions®

(o)
t/°c Uo,(NO,), KNG, H,0 gg;égb
mass % mol/kg mass % mol /kg mass %
50 — -— 46.09 B.456 53.91 aC
0.88 0.040 43.50 7.736 55.62 a
4.82 0.222 40.12 7.207 55.06 A
17.20 0.8593 32.00 6.230 50.80 A
30.53 1.691 23.66 5.108 45.81 A
40.00 2.538 20.00 4.945 40.00 A
52.6 4.82 19.70 7.034 27.70 A
58.73 6.878 19,60 8.946 21.67 a+B®
65.5 5.11 2.0 0.61 32.50 B,
67.5 5.27 S -—- 32.5 B
70 _— _— 57.9 13.6 42.10 aS
0.98 0.058 55.8 12.8 43.22 A
4.20 0.244 52.2 11.8 43.60 A
14.35 0.8702 43.8 10.4 41.85 a
26.00 1.732 35.9 9.32 38.10 a
35.22 2.624 30.72 8.921 34.06 A
48.34 4.746 25.81 9.876 25.85 A
56.80 7.101 22.90 11.16 20.30 a
61.30 9.205 21.80 12.76 16.90 A
63.00 9.993 21.00 12.98 16.00 a+cd
76.20 8.871 2.00 0.907 21.80 c,
78.00 8.998 ——— ——— 22.00 c
90 — —— 66.8 19.9 33.2 a®
0.75 0.053 63.5 17.6 35.75 A
4.25 0.310 61.0 17.4 34.75 A
(continued on the next page)
AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:
Solubility in three-component systems
was determined by the polythermal,

SOURCE AND PURITY OF MATERIALS:
uo,(NO.,),.6H,0 and KN03, unknown

pugity? gecrﬁstallized twice.

visual method (1,2). Hermetisation
was partially ensured and solutions
were frequently changed in order to
avoid evaporation. The isofhermal o
method was also used at 50 C and 90 C
to check data and establish eutonic

ESTIMATED ERROR:
Solubility: Nothing specified.

Temperature: Probably +0.1K
(compilers)

points. Equilibrium at this tempera-
ture was established after 30 to 40
minutes. Potassium and uranium were
measured by gravimetric methods,
water by desiccation.

REFERENCES:
1. Alekseev, V. F.
Zh. R. Kh. 0., 1877, 9, 208.

2. Bergman, A. G.
Trudy sessii AN SSSR, 1932, II,
167, ed. AN SSSR, Leningrad, 1933.
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(3) Water;

COMPONENTS:

(1) Uranyl nitrate; Uoz(N03)2;
[15905-86-9)

(2) Potassium nitrate; KNO.:;
{7757~

79-1]

HZO:

(o)

3

[7732-18=5]

RIGINAL MEASUREMENTS:
Perova, A. P.

Zh. Neorg. Khim., 1956, 1, 330 -

336.
Russ. J. Inorg. Chem., 1956, 1,
140. (Eng. trans.)

t/%c

90

29.4
33.2
35.5
38.3
41.4
44.3
48.5
50.0
51.8
54.7
56.1
58.5
61.5
64.0
64.8
68.6
73.3
78.0
82.5
85.5
89.0
92.8

25.7
30.1
34.7
39.1
40.0
43.4

EXPERIMENTAL VALUES: (Continued)

The UO,(NO;), - KNO,

- H20 System

Composition of Saturated Solutions?

Ua,(NO.,) KNO H,O Solid
2 372 3 2 Phaseb

mass % mol/kg mass % mol/kg mass %
11.60 0.8558 54.0 15.5 34.40 A
21.72 1.724 46.3 14.3 31.98 A
29.70 2.595 41.25 14.04 29.05 A
43.32 4.724 33.41 14.20 23.27 Af
52.21 6.977 28.80 15.00 18.98 A
58.30 9.276 25.75 15.97 15.95 A
66.60 14.32 21.60 18.11 11.80 a+c®
80.20 11.15 1.55 0.840 18.25 C
81.0 10.82 -— —-— 19.00 c®

1.09
1.06
1.02
0.99
0.96
0.93
0.90
0.88
0.85
0.83
0.81
0.79
0.77
0.75
0.73
0.70
0.67
0.64
0.61
0.59
0.57
0.55

6.06
5.83
5.63
5.44
5.26
5.09

Initial Solution I: UOZ(NO3)2 = 1.56 mass %, H

2o = 98.44 mass %

(KNO3 was added)
0.0399 29.57 4.218 69.34 A
0.0402 31.97 4.722 66.97 A
0.0400 34.21 5.224 64.77 A
0.040 35.66 5.568 63.35 A
0.040 38.28 6.231 60.76 A
0.040 40.12 6.732 58.95 A
0.040 41.86 7.233 57.24 A
0.040 43.50 7.736 55.62 A
0.040 45.05 8.236 54.10 A
0.040 46.52 8.739 52.65 A
0.040 47.91 9.241 51.28 A
0.040 49.23 9.742 49.98 A
0.040 50.49 10.25 48.74 A
0.040 52.17 10.96 47.08 A
0.040 52.82 11.25 46.45 A
0.040 54.95 12.25 44.35 A
0.040 56.85 13.24 42.48 A
0.040 58.67 14.26 40.69 A
0.040 60.31 15.26 39.08 A
0.040 61.83 16.27 37.58 Af
0.041 63.94 17.82 36.19 A
0.040 64.54 18.29 34.91 A

Initial Solution II: U02(N03)2 =

(KN
0.221 24.
0.221 27.
0.220 29.
0.221 31.
0.220 34.
0.220 36.

8 mass %, H,0 = 92 mass %
O3 was added)

24 3.440 69.70 A
26 4.030 66.91 A
57 4.513 64.80 A
97 5.052 62.59 A
20 5.588 60.54 A
30 6.126 58.61 A

(Continued on the next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate: U02(N03)2; Perova, A. P.
[15905-86-9]

Zh. Neorg. Khim., 1956, 1, 330 -

(2) Potassium nitrate; KNO,; 336.
[7757-79-1] Russ. J. Inorg. Chem., 1956, 1,

140. (Eng. trans.)

(3) Water; H,O; [7732-18-5]

2

EXPERIMENTAL VALUES: (Continued)

The U02(N03)2 - KNO, - HZO Systenm

Composition of Saturated Solutions?
o
t/ ¢ U0, (NO.,) KNO H.O Solid
/ 2 372 3 2 Phaseb
mass % mol/kg mass % mol/kg mass %

46.3 4.93 0.220 38.27 6.664 56.80 A
49.6 4.82 0.222 40.12 7.207 55.06 A
52.4 4.65 0.221 41.86 7.740 53.49 A
54.3 4.52 0.221 43.50 8.277 51.98 A
57.0 4.39 0.220 44.93 8.769 50.68 A
60.4 4.29 0.221 46.52 9.354 49.19 A
64.0 4.06 0.221 49.24 10.43 46.70 A
69.5 3.86 0.220 51.69 11.50 44.45 A
74.5 3.68 0.220 53.91 12.57 42.41 A
77.3 3.52 0.220 55.94 13.65 40.54 A
83.7 3.37 0.220 57.80 14.72 38.83f A
86.2 3.23 0.220 59.51 15.80 37.28 A
91.0 3.11 0.220 61.08 16.87 35.81 A

Initial Solution III: UOZ(NO3) = 25 mass %, H,0 = 75 mass %

fkNO. added)

3
27.0 20.83 0.8457 16.66 2.636 62.51 A
35.8 19.23 0.8458 23.07 3.955 57.70 A
41.5 18.51 0.8453 25.92 4.613 55.57 A
44.0 17.86 0.8461 28.57 5.275 53.57 A
49.5 17.23 0.8451 31.03 5.932 51.74 A
51.9 16.66 0.8454 33.33 6.592 50.01 A
54.7 16.12 0.8452 35.48 7.251 48.40 A
58.3 15.62 0.8456 37.50 7.912 46.88 A
6l.5 15.15 0.8458 39.39 8.570 45.46 A
67.0 14.28 0.8454 42.85 9.886 42.87f A
72.6 13.51 0.8455 42.94 9.752 40.55 A
77.8 12.82 0.8457 48.71 12.52 38.47 A
82.4 12.19 0.8452 51.21 13.84 36.60 A
89.5 11.62 0.8450 53.48 15.16 34.90 A
Initial Solution IV: UOZ(N°3)2 = 40 mass %, Hzo = 60 mass %
(KNO3 added)
24.6 35.71 1.691 10.71 1.977 53.58 A
31.5 34.93 1.691 12.66 2.389 52.41 A
34.0 34.48 1.692 13.80 2.639 51.72 A
35.9 33.75 1.686 15.44 3.006 50.81 A
39.1 33.05 1.691 17.35 3.460 49.60 A
40.5 32.39 1.692 19.02 3.872 48.59 A
43.7 31.74 1.691 20.63 4.284 47 .63 A
45.6 31.12 1.691 22.18 4.698 46.70 A
50.1 30.53 1.691 23.66 5.108 45.81 A
52.0 29.96 1.692 25.09 5.521 44.95 A
54.5 29.41 1.692 26.49 5.941 44.10 A
58.0 28.36 1.691 29.08 6.758 42.56 A

(Continued on the next page)
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COMPONENTS:

(1) Uranyl nitrate; Uoz(N03)2:
[15905-86~9)

(2) Potassium nitrate; KNOB;
[7757-79-1]

(3) Water; Hzo; [7732-18-~5]

ORIGINAL MEASUREMENTS:
Perova, A. P.

Zh. Neorg. Khim., 1956, 1, 330 -

336.
Russ. J. Inorg. Chem., 1956, 1,
140. (Eng. trans.)

EXPERIMENTAL VALUES: (Continued)

The U02(N03)2

t/% U0, (NO,)

mass % mol/kg

Initial Solution IV:

Composition of Saturated Solutions

- KNO3 - H20 System

a

KNO H.O Solid
3 2 Phaseb

mass %

3)2

66.0 27.39 1.691
67.1 26.49 1.692
70.0 25.64 1.692
74.5 24.82 1.689
76.6 24.09 1.691
80.0 23.39 1.692
83.8 22.72 1.691
86.4 22.10 1.664
89.5 21.50 1.691
92.4 20.94 1.691
Initial Solution V: Uoz(No3)2
27.0 45.45 2.583
33.7 44.44 2.537
35.5 43.47 2.560
40.0 42.55 2.538
44.2 41 .66 2.537
47.0 40.81 2.537
49.0 40.00 2.538
52.3 39.21 2.537
56.5 38.46 2.537
59.7 37.73 2.536
66.4 36.98 2.625
69.0 35.08 2.536
73.8 33.89 2.536
76.6 32.78 2.536
82.4 31.74 2.536
84.6 30.76 2.536
88.6 29.85 2.537
92.6 28.98 2.536
Initial Solution VI: UOZ(NO
46.0 65.00 4.713
44.9 59.09 4.713
42.5 55.80 4.768
53.7 54.16 5.087
62.4 50.00 4.712
77.2 46.42 4.710
90.6 43.33 4.173

mol/kg mass %

U02(No3)2 = 40 mass %, Hzo = 60 mass %
(KNO, added)

31.50 7.579 41.11 A
33.77 8.405 39.74 A
35.90 9.233 38.46 A
37.88 10.04 37.30 A
39.75 10.87 36.16 A
41.52 11.70 35.09 A
43.18 12.52 34.10 A
44.20 12.97 33.70 A
46.23 14.17 32.27 A
47.64 15.00 31.42 A
= 50 mass %, Hzo = 50 mass %

(KNO3 added)

9.9 2.2 44.65 A
11.11 2.472 44.45 A
13.43 3.082 43.10 A
14.90 3.464 42.55 A
16.66 3.954 41.68 A
18.36 4.448 40.83 A
20.00 4.945 40.00 A
21.56 5.436 39.23 A
23.07 5.931 38.47 A
24.52 6.424 37.75 A
27.27 7.545 35.75 A
29.82 8.403 35.10 A
32.20 9.392 33.91 A
34.42 10.38 32.80 A
36.50 11.37 31.76 A
38.46 12.36 30.78 A
40.29 13.35 29.86 A
42.02 14.33 29.0 A

= 65 mass %, Hzo = 35 mass %
(KNO3 added)

—— —— 35.00 B
9.09 2.83 31.82 B
14.50 4.829 29.70 B+A
18.82 6.889 27.02 Ad
23.07 8.473 26.93 A
28.57 11.30 25.01 A
33.34 14.13 23.33 A

(Continued on next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate:; Uoz(NOB)Z: Perova, A. P.
[15905~86=9]

Zh. Neorg. Khim., 1956, 1, 330 -

(2) Potassium nitrate; KNO,; 336.
[7757-79~1] Russ. J. Inorg. Chem., 1956, 1,

140. (Eng. trans.)

(3) Water; H_O; [7732-18-5)

2
EXPERIMENTAL VALUES: (Continued)
The Uoz(NO3)2 - KNO3 - Hzo System
Composition of Saturated Solutions?
o
t/¢C Uo,(NG.,) KNO H.,,0 Solid
2 3’2 3 2 Phaseb
mass % mol/kg mass % mol/kg mass %

Initial Solution VII: Uoz(N03)2 = 73.3 mass %, H,0 = 26.7 mass %
(KNO3 added)

57.6 73.3 6.967 - —— 26.7 C
56.6 70.0 6.939 4.4 1.7 25.6 Cc
55.0 67.0 6.940 8.5 3.4 24.5 c
54.2 64.2 6.933 12.3 5.18 23.5 (o4
53.1 61.7 6.959 15.8 6.95 22.5 c
52.5 59.1 7.176 20.0 9.46 20.9 A+C
80.3 54.7 7.156 25.9 13.2 19.4 A
89.1 52.6 7.063 28.5 14.9 18.9 A
Initial Solution VIII: Uoz(N03)2 = 78 mass %, H20 = 22 mass %
(KNO3 added)
81.8 78.00 8.998 - — 22.0 A
73.6 76.9 9.24 1.97 0.922 21.13 A
68.7 73.5 8.93 5.62 2.66 20.88 A
63.1 70.73 9.038 9.41 4.69 19.86 A
58.5 66.10 9.117 15.5 8.33 18.40 A
56.4 62.0 9.15 20.8 12.0 17.20 A
68.7 62.2 9.31 20.85 12.17 16.95 A
81.1 59.7 9.13 23.70 14.12 16.60f A
89.2 58.3 9.25 25.72 15.91 15.18 A
Initial Solution IX: KNO3 = 5 mass %, H,O = 95 mass %
(UO_(NO, ). .6H,0 was added)
2 372 2
- 1.2 ——— ——— 5.00 0.521 95.00 ice
- 1.5 8.9 0.26 4.44 0.507 86.66 ice
- 3.0 15.1 0.475 4.16 0.510 80.74 ice
- 4.5 21.7 0.740 3.84 0.510 74.46 ice
- 5.8 26.5 0.962 3.57 0.505 69.93 ice
- 6.0 30.5 1.17 3.33 0.498 66.17f ice
- 8.5 34.0 1.37 3.12 0.491 72.88 ice
-11.2 37.0 1.56 2.94 0.484 60.06 ice
11.5 50.2 2.67 2.08 0.431 47.72 B
16.2 51.5 2.81 2.00 0.425 46.50 B
24.0 53.7 3.07 1.85 0.412 44.45 B
29.0 55.5 3.29 1.72 0.398 42.78 B
33.0 57.1 3.51 1.61 0.386 41.29 B
35.8 58.5 3.71 1.51 0.373 39.99 B
41.2 60.8 4.08 1.35 0.353 37.85 B
45.6 62.6 4.39 1.21 0.331 36.19 B
47.2 64.1 4.68 1.11 0.316 34.79 B
49.1 65.3 4.92 1.02 0.300 33.68 B
51.4 66.4 5.16 0.94 0.28 32.66 B

(Continued on the next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate:; Uoz(No3)2; Perova, A. P.
[15905-86=9]

Zh. Neorg. Khim., 1956, 1, 330 -

(2) Potassium nitrate; KN03; 336.
[7757=-79=1]) Russ. J. Inorg. Chem., 1956, 1,

140. (Eng. trans.)

(3) Water; HZO; [7732-18~5]

EXPERIMENTAL VALUES: (Continued)

The UO,(NO,), - KNO, - H,

Composition of Saturated solutions?

O System

uUo,(NO,) KNO H,O Solid
o 2( 3’2 3 2 Phaseb
t/C nmass % mol/kg mass % mol/kg mass %
Initial Solution: KN03 = 5 mass %, H.O = 95 mass % (Continued)
(UO_(NO.)..6H.8 was added)
2 3’2 2

52.4 67.2 5.34 0.87 0.27 31.93 B
52.8 68.2 5.58 0.79 0.25 31.01f B
53.8 69.3 5.88 0.78 0.26 29.72 B
57.6 71.4 6.50 0.73 0.26 27.87 B
59.0 72.8 6.98 0.72 0.27 26.48 B
59.5 73.7 7.31 0.71 0.27 25.59 B
60.2 74.3 7.55 0.71 0.28 24.99 B
61.0 74.9 7.79 0.70 0.28 24.70%  B+c
62.0 75.2 7.92 0.69 0.28 24.11 C
63.0 75.5 8.04 0.68 0.28 23.82 c
67.5 75.7 8.12 0.64 0.27 23.66 C
72.8 76.1 8.29 0.60 0.25 23.30 c
74.0 76.3 8.38 0.59 0.25 23.11 C
75.1 76.4 8.42 0.58 0.25 23.02 Cc

8Molalities calculated by the conpilers.

b

Solid phases: A = KNO;, B = UO,(NO;),.6H,0; C = UO,(NO,;),.3H,0.

3’ 2 2

cLandolt—Bornstein, Physik. Tabellen, I, Berlin, 1923.
dPoints from the diagram.
€point from the isothermal method.

fThe sum of mass % is not equal to 100 (compilers).

COMMENTS AND/OR ADDITIONAL DATA

Nine initial solutions were used and studied at different temperatures.
In the case of Solutions I through VIII, KNO. was added to aqueous
solutions of uranyl nitrate in order to detegmine the areas of
crystallization of potassium nitrate and uranyl nitrate hexahydrate. In
the case of Solution IX, uranyl nitrate hexahydrate was added in order
to determine the areas of crystallization of the hexahydrate and of

uo, (N0, ), -nH, 0.

(Continued on the next page)




75

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate; U02(N03)2; Perova, A. P.
[15905-86-9]
Zh. Neorg. Khim., 1956, 1, 330 -
(2) Potassium nitrate; KN°37 336.
[{7757-79~1] Russ. J. Inorg. Chem., 1956, 1,

140. (Eng. trans.)
(3) Water; H,0; [7732-18-5]

EXPERIMENTAL VALUES: (Continued)
The Uoz(No3)2 -~ KNO, - H,0 System
Solubility isotherms at 50°C, 70°c and 90°C were obtained from
polythermal data by the graphic method.
There are three areas of crystallization. The largest is that of KNO

Uranyl nitrate decreases the solubility of potassium nitrate, but 3
the solubility of U02(No3)2 increases slightly in the presence of KNO

a°
The phase diagrams are:
80 [
a0t U0,;(NO,); - 31,40
0t
(SR /] d
o
S~ 9
o 50 3
g2 ‘o s
g o} S
g 20f :%
& wf S
g
10

g 10 2030 40 50 50 70 80 S0
UOz(N03)2 / mass %

Crystallization curve of a
cross section of the system

U0, (NO,) ,~KNO,~H,0.

UO,(NO3), / mass %

Isothermal triangle of the
systep UO_(NO, ), -KNO,~H,O
2o00bc, 20302 3727
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate:; U02(N03)2;
[15905-86-9 ] Rimbach, E.

(2) Rubidium nitrate; RbN03: Ber., 1904, 37, 461 ~ 488.
[13126=12-0]

(3) Cesium nitrate; CSN03;
[7789-18-6]

(4) Water:; Hzo; [7732~-18~5]

VARIABLES: PREPARED BY:

Composition at: 289, 298, 353 K L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

Composition of Saturated Solutions?

U0, (NO. ) RbNO Solid
t/°c 27302 3 Phase®
mass % mol/kg mass % mol/kg
25.0 51.67 3.253 8.02 1.35 A
80.0 50.68 4.241 18.99 4.246 B

8Molalities calculated by the compilers.

b - = =1
Solid phases: A = RbNOB, B = U°2("°3)2'RbN°3‘

CsNO,, 16.1°%

In the uranyl nitrate - cesium nitrate system, the composition of

saturated solutions is reported to be 45.80 mass % of Uoz(Noa)z
i.e., 2.610 mol/kg (compilers), and 9.86 mass % CsNO,,
i.e., 1.11 mol/kg (compilers), at 16.1°C.
AUXTLIARY INFORMATION
METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERTIALS:
The isothermal method was used. Pure uranium - rubidium and pure
Weighed amounts of the double salt uranium - cesium double salts

and water were mixed at the desired were used.
temperature. The solution was

analyzed either after evaporation of

water, or after the uranium was ESTIMATED ERROR:
precipitated with ammonium sulfide.

Uranium was measured after the Nothing specified.
precipitate was calcined to U,04.

REFERENCES:
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COMPONENTS:

(1) Uranyl nitrate: Uoz(N°3)27
{15905-86-9]

(2) Cesium nitrate; CsNo3;
(7789-18~6]

(3) wWater; H20; {7732-18=5]

ORIGINAL MEASUREMENTS:

(Eng. trans.)

Yakimov, M. A.; Nosova, N.F.;
Degtyarev, A. Ya.; Tsyan-Tsi, Yui

Radiokhim., 1963, 5, 73 - 80.

Sov. Radiochem., 1963, 60.

VARIABLES:

Composition at 273 and 298 K

PREPARED BY:

A. Sozanski; S. Sieki

erski

EXPERIMENTAL VALUES:

- H,O System at 0°c

The U0, (NO,), - CsNO, 2
Composition of Saturated solutions®
uo, (NO,), csNo, " H,O

mol % mass % mol/kg mol % mass % mol/kg mol ¥ mass %

0 0 0 0.86 8
0.06 1 0.03 0.81 8
0.10 2.0 0.056 0.78 7
0.41 7.8 0.23 0.64 6
0.82 15 0.46 0.56 4
0.99 17 0.56 0.54 4
1.00 17.4 0.564 0.53 4
1.10 18.8 0.621 0.54 4
1.56 24.7 0.885 0.55 4
2.21 31.7 1.26 0.63 4
2.82 37.2 1.62 0.71 4
2.84 37.2 1.64 0.79 5
3.32 40.7 1.93 0.94 5
3.45 41.6 2.00 0.97 5
3.69 43.2 2.15 1.02 5
3.71 43.2 2.16 1.06 6
4.04 45.2 2.36 1.13 6
4.00 45.2 2.34 1.02 5
4.01 45.4 2.34 0.97 5
4.07 45.9 2.38 0.90 5
4.11 46.2 2.40 0.89 5
4.11 46.4 2.40 0.80 4
4.13 46.8 2.41 0.68 3
4.20 48.1 2.44 0.33 1
4.29 49.5 2.49 0 0

6 0.48 99.14
0 0.45 99.13
7 0.44 '‘99.12
0 0.36 98.95
9 0.32 '98.62
6 0.30 98.47
6 0.30 98.47
6 0.30 98.36
3 0.31 97.89
5 0.36 97.16
6 0.41 96.47
1 0.46 96.37
7 0.55 95.74
8 0.56 95.58
9 0.594 95.29
11 0.618 95.23
26 0.661 94.83
70 0.596 94.98
4 0.57 95.02
0 0.53 95.03
0 0.52 95.00
5 0.47 95.09
8 0.40 95.19
9 0.19 95.47

0 95.71

(Continued on the next page)

91.42
90.77
90.32
86.16
80.43
78.17
78.10
76.69
70.95
63.79
58.17
57.69
53.63
52.65
50.95
50.70

48.53

49.08
49.18
49.04

48.84

49.11
49.35
50.01
50.50

Solid
Phase

b i o i R g

o>
<+
o)

Dww

B+C

C
C
Cc
Cc

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The method was described by Yakimov
et al. in Ref. (1). Uranium was
measured as U,0,. In order to avoid
cesium contamingtion, two pptns of
ammonium diruanate were made before
calcination to the oxide. Cesium 134
determined radiometrically as Cs
Counter STS-5 with 1 mm lead shield
was used. Solid phase compositions
determined by Schreinemakers method.
Details on the experimental method
are given in Ref. (1) for the
Ca(N03)2 - U02(N03)2 - H20 system.

Nothing specified.

SQURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

Grishin, V. A.

1. Yakimov, M. A.; Nosova, N. F.:

Zh. Neorg.Khim., 1958, 3, 504.
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COMPONENTS
[15905-86~9]

(2) Cesium nitrate;
(7789~18-6]

CsNoa;

(3) wWater: HZO; [7732-18~5]

(1) Uranyl nitrate; U02(No3)2:

ORIGINAL MEASUREMENTS:

(Eng. trans.)

Radiokhim., 1963, 5, 73 - 80.

Sov. Radiochem., 1963, 60.

Yakimov, M. A.; Nosova, N. F.;
Degtyarev, A. Ya.; Tsyan-Tsi, Yui

The

EXPERIMENTAL VALUES:

Uo, (N0, )

(Continued)

2

~ CsNO

3~ H20 System at 25%

Composition of Saturated Solutions?

Solid phases: A =
D = CsU0,(NO,),.

CsNO,,

8yolalities and mass % calculated by compilers.
B = Cs,U0,(NO;),, C = UO,(NO,),.6H,0,

U02(N03)2 CSNO3 H20
mol % mass % mol/kg mol ¥ mass % mol/kg mol 3% mass %
0 0 0 2.46 21.4 1.40 97.54 78.56
0.09 2 0.05 2.34 20.3 1.33 97.57 78.15
0.12 2.1 0.068 2.27 19.7 1.29 97.61b 78.22
0.20 3.5 0.11 2.24 19.2 1.27 97.56 77.32
0.24 4.2 0.14 2.13 18.3 1.21 97.63b 77.53
0.26 4.5 0.15 2.14 18.3 1.22 97.60 77.19
0.30 5.2 0.17 2.12 18.1 1.21 97.58 76.79
0.40 6.8 0.23 2.07 17.4 1.18 97.53 75.80
0.85 14 0.49 1.80 14.4 1.03 97.35b 71.89
1.11 17.3 0.634 1.78 13.7 1.02 97.11 69.05
l.21 18.4 0.693 1.92 14.4 1.10 96.87 67.22
1.52 22.0 0.874 1.96 14.1 1.13 96.52b 63.93
1.88 25.6 1.09 2.19 14.7 1.27 95.93 59.68
2.25 29.3 1.31 2.12 13.7 1.23 95.63 57.00
2.83 34.2 1.65 2.22 13.3 1.30 94.95 52.50
3.26 37 1.92 2.52 14.1 1.48 94.22 48.87
3.65 39.6 2.16 2.60 14.0 1.54 93.75 46.48
3.69 39.6 2.19 2.72 14.4 l.61 93.59 45.94
3.99 41.6 2.37 2.71 14.0 1.61 93.30 44 .45
4.04 42.1 2.40 2.61 13.5 1.55 93.35b 44.46
4.05 41.4 2.42 2.99 15.1 1.79 92.96 43.46
4.06 42.8 2.41 2.32 12.1 1.38 93.62b 45.11
4.39 45.3 2.61 2.09 10.7 1.24 93.52 44.08
4.34 45,2 2.57 2.00 10.3 1.19 93.66 44.55
4.40 45.6 2.61 1.97 10.1 1.17 93.63 44.34
4.38 45.7 2.59 1.86 9.60 1.10 93.76 44.71
4.52 46.4 2.68 1.92 9.74 1.14 93.56 43.88
4.71 47.7 2.80 1.79 8.97 1.06 93.50 43.31
4.77 48.1 2.83 1.75 8.74 1.04 93.48 43.13
4.81 48.5 2.86 1.70 8.47 1.01 93.49 43.07
5.00 49.3 2.98 1.76 8.59 1.05 93.24 42.07
4.96 49.8 2.94 1.46 7.25 0.866 93.58 42.95
5.00 50.7 2.96 1.14 5.72 0.674 93.86 43.54
5.03 51.3 2.97 0.95 4.8 0.56 94.02 43.87
5.12 51.9 3.03 0.91 4.6 0.54 93.97 43.54
5.18 53.0 3.05 0.57 2.9 0.34 94.25 44.10
5.30 54.3 3.12 0.30 1.5 0.18 94.40 44.20
5.49 56.0 3.23 0 0 0 94.51 44.04

Solid
Phase

3
T owowoww ‘; hal i i g R R R R S A

B+D

oo

D+C

(o4
c
c

COMMENTS AND/OR ADDITIONAL DATA: Solubility isotherms are given in the
source paper. Isotherm at 25 C has four branches corresponding to soly
of cesium nitrate, uranyl and cesium tetranitrate
trihydrate, and uranyl hexahydrate. Isotherm at 0°C has three branches
only, corresponding to soly of cesium nitrate, cesium and uranyl
tetranitrate, and uranyl nitrate hexahydrate.

uranyl and cesium

(=]

bCalculated by compilers.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate; Uoz(NOS)Z; Yakimov, M. A.; Nosova, N. F.;
[15905-86-9] Degtyarev, A. Ya.; Tsyan-Tsi, Yui
(2) Thallium nitrate; T1N03: Radiokhim., 1963, 5, 73 - 80,
[10102=~45-1]
Sov. Radiochem., 1963, 60.
(3) Water:; Hzo; [7732-18=5] (Eng. trans.)
VARIABLES: PREPARED BY:
Composition at 273 and 298 K A. Sozanski; S. Siekierski
EXPERIMENTAL VALUES:
o
The UOZ(NO3)2 - TlNO3 - Hzo System at 0°C
Composition of Saturated Solutions?
Uo_(NO,) T1INO H,O Solid
2 3’2 3 2 Phase
mol % mass % mol/kg mol % nmass % mol/kg mol ¥ mass %
0 0 o] 0.27 3.8 0.15 99.73 96.15 A
0.13 2.7 0.072 0.19 2.7 0.11 99.68 94.63 A
0.18 3.7 0.10 0.15 2.1 0.084 99.67 94.18 A
0.29 5.9 0.16 0.13 1.8 0.072 99.58 92,34 A
0.34 6.8 0.19 0.13 1.8 0.073 99.53 91.40 A
0.46 9.0 0.26 0.12 1.6 0.067 99.42 89.36 A
0.75 14.0 0.42 0.11 1.4 0.062 99.14 84.61 A
1.04 18.5 0.584 0.10 1.2 0.056 98.86 80.32 A
1.15 20.1 0.646 0.10 1.2 0.056 98.75 78.76 A
1.29 22.0 0.726 0.10 1.2 0.056 98.61 76.86 A
1.57 25.6 0.886 0.11 1.2 0.062 98.32 73.22 A
1.82 28.5 1.03 0.11 1.2 0.062 98.07 70.30 A
2.03 30.8 1.15 0.12 1.2 0.068 97.85 67.94 A
2.43 34.9 1.38 0.12 1.2 0.068 97.45 63.95 A
2.55 36.0 1.45 0.13 1.2 0.074 97.32 62.78 A
3.06 40.4 1.75 0.14 1.2 0.080 96.80 58,38 A
3.39 42.9 1.95 0.16 1.4 0.092 96.45 55.76 A
3.96 46.8 2.29 0.18 1.4 0.10 95.86 51.78 A
4.26 48.6 2,47 0.19 1.5 0.11 95.55 49.89 A+B
4.27 49.0 2.48 0.10 0.78 0.058 95.63 50.20 B
4.29 49.5 2.49 0 0 0 95.71 50.50 B

(Continued on the next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method was described by Yakimov

et al. (1). Uranium was measured as

the oxide, U,0,, after precipitation
as ammonium aigranate. Thallium was

precipitated by potasgium dichromate
dried at 120 C to 130 C, and weighed
as TlZCr207.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Yakimov, M. A.; Nosova,
Grishin, V. A

Zh. Neorg. Khim., 1958,
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COMPONENTS: ORIGINAL. MEASUREMENTS:
(1) Uranyl nitrate; UOZ(NO3)2: Yakimov, M. A.; Nosova, N. F.;
{15905~86~-9]) Degtyarev, A. Ya.; Tsyan-Tsi, Yui
(2) Thallium nitrate; T1N03; Radiokhim., 1963, 5, 73 - 80.
[10102-45=1]
Sov. Radiochem., 1963, 60.
(3) water: Hzo: [7732-18=5] (Eng. trans.)

EXPERIMENTAL VALUES: (Continued)

The UO, (NO - TINO, - H,0 System at 25%

3)2
Composition of Saturated Solutions?

Uo,(NOo,) T1NO H,O Soliad
2 3’2 3 2 Phase

mol % mass % mol/kg mol ¥ mass % mol/kg mol ¥ mass %

0 0 0 0.79 11 0.44 99.21 89.47 A
0.06 1 0.03 0.74 9.8 0.41 99.20 82.00 A
0.12 2.3 0.067 0.71 9.3 0.40 99.17 88.31 A
0.13 2.5 0.073 0.71 9.3 0.40 99.16 88.14 A
0.18 3.5 0.10 0.65 8.5 0.36 99.17 87.98 A
0.24 4.6 0.13 0.61 7.9 0.34 99.15 87.42 A
0.36 6.8 0.20 0.56 7.2 0.31 99.08 85.98 A
0.39 7.4 0.22 0.56 7.1 0.31 99.05 85.49 A
0.060 11 0.34 0.48 6.0 0.27 98.92 83.03 A
0.66 12 0.37 0.46 5.7 0.26 98.88 82.32 A
0.85 15 0.48 0.43 5.1 0.24 98.72b 79.83 A
0.95 17 0.53 0.42 4.9 0.24 98.63 78.51 A
l.12 1g9.0 0.631 0.40 4.6 0.23 98.48 76.41 A
1.34 22.0 0.757 0.38 4.2 0.21 98.28 73.78 A
1.54 24.5 0.872 0.38 4.1 0.22 98.08,, 71.39 A
1.58 25.0 0.895 0.38 4.1 0.22 98.04 70.93 A
l1.62 25.5 0.918 0.38 4.0 0.22 98.00 70.48 A
1.67 26.1 0.946 0.37 3.9 0.21 97.96 69.99 A
1.99 29.7 1.13 0.37 3.7 0.21 97.64 66.59 A
2.23 32.2 1.27 0.37 3.6 0.21 97.40 64.23 A
2.76 37.0 1.58 0.40 3.6 0.23 96.84 59.37 A
3.02 39.2 1.74 0.39 3.4 0.22 96.59 57.35 A
3.12 40.0 1.80 0.40 3.5 0.23 96.48 56.54 A
3.27 41.1 1.88 0.41 3.5 0.24 96.32 55.39 A
3.42 42.2 1.97 0.42 3.5 0.24 96.16 54.27 A
4.06 46.4 2.36 0.47 3.6 0.27 95.47 49.93 A
4.25 47.6 2.48 0.49 3.7 0.29 95.26 48.74 A
4.84 50.7 2.84 0.56 4.0 0.33 94.60 45.32 A
5.39 53.4 3.18 0.60 4.0 0.35 94.01 42.58 A
5.65 54.4 3.35 0.67 4.4 0.40 93.68 41.24 A+B
5.60 54.8 3.31 0.47 3.1 0.28 93.93 42.05 B
5.49 56.0 3.22 0 0 0 94.51 44.04 B

8Molalities and mass % calculated by the compilers.
bCalculated by the compilers.

c 3 ] r—3

Solid phases: A = T1N03, B = Uoz(N03)2.6H20.
COMMENTS AND/OR ADDITIONAL DATA:

Solubility isotherms are also given in graphical form in the source
publication.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate:; UOZ(N03)2,
[15905-86-9) Yakimov, M. A.; Nosova, N. F.
(2) Beryllium nitrate; Be(No ) : Zh. Neorg. Khim., 1961, 6, 208 =
[13597-99=-4] 211.
Russ. J. Inorg. Chem., 1961, 6,
(3) Water; HZO: {7732-18-5] 103. (Eng. trans.)
VARIABLES: PREPARED BY:
Composition at 273 and 298 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

o
The UOZ(N03)2 - Be(N03)2 - Hzo System at 0°C

Composition of Saturated solutions®

U02(N03)2 Be(No3)2 H20 gg;idb
o se
t/C mass % mol/kg mass % mol/kg mass %

0 0 0 50.1 7.55 49.9 A
0.80 0.04 50.0 7.64 49.2 A

2.1 0.11 49.5 7.69 48.4 A

7.3 0.42 48.5 8.25 44.2 A
7.4 0.42 48.2 8.16 44.4 A+B

5.4 0.29 46.8 7.36 47.8 B

4.6 0.23 44.9 6.68 50.5 B

4.5 0.22 43.8 6.37 51.7 B

4.2 0.20 42.6 6.02 53.2 B

4.0 0.19 42.2 5.90 53.8 B

4.4 0.21 41.9 5.87 53.7 B

4.6 0.21 39.2 5.24 56.2 B

4.8 0.21 37.6 4.91 57.6 B

5.4 0.23 36.0 4.62 58.6 B

5.7 0.25 35.7 4.58 58.6 B

6.0 0.26 35.2 4.50 58.8 B

8.2 0.34 31.4 3.91 60.4 B

8.6 0.36 30.2 3.71 61.2 B

9.6 0.40 29.4 3.62 61.0 B

13.2 0.537 24.4 2.94 62.4 B

15.0 0.616 23.2 2.82 61.8 B

18.8 0.762 18.6 2.23 62.6 B

21.0 0.871 17.8 2.19 61.2 B

(Continued on the next page)
AUXTILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The procedure has been described in Uoz(No ),-6H,0, nothing specified.
Ref. (1). Beryllium was measured in

solution and in solid phase by the Be(NO,),.4H,0 was obtained from a
precipitation of beryllium hydroxide concefitfated solution of beryllium
from oxalic acid solution. Uranium nitrate, after adding concentrated
was precipitated from the filtrate by|nitric acid. Product contained
oxine, and ignited to U404 4.37 % Be and 60.40 % NO, (theor.

4.39 % and 60.48 %, respgctively).

ESTIMATED ERROR:
REFERENCES:
Nothing specified.
1. vakimov, M. A.; Nosova, N. F.;
Grishin, V. A.
Zh. Neorg. Khim., 1958, 3, 504.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate: UOZ(NO3)2; Yakimov, M. A.; Nosova, N. F.:
[15905~-86-9]
Zh. Neorg. Khim., 1961, 6, 208 -
(2) Beryllium nitrate; Be(Noa)z: 211.
[13597-99-4] Russ. J. Inorg. Chem., 1961, 6,
103. (Eng. trans.)

(3) Water; H,0; [7732-18-5])

EXPERIMENTAL VALUES: (Continued)
o
The U02(N03)2 - Be(N03)2 - Hzo System at 0°C

Composition of Saturated Solutions?

UOZ(N03)2 Be(N03)2 Hzo Pﬁgllg
o se
t/C mass % mol/kg mass % mol /kg mass %

0 24.5 1.02 14.8 1.83 60.7 B
25.6 1.08 14.4 1.80 60.0 B
26.8 1.12 12.6 1.56 60.6 B
28.7 1.23 12.0 1.52 59.3 B
30.6 1.33 10.9 1.40 58.5 B
33.1 1.47 9.6 1.3 57.3c B
34.1 1.52 9.2 1.2 56.8 B
37.6 1.72 6.9 0.93 55.5 B
42.6 2.02 3.8 0.53 53.6 B
46.6 2.26 1.1 0.16 52.3 B
49.5 2.49 0 0 50.5 B
25 0 4] 54.57 9.030 45.43 A
2.0 0.12 53.9 9.19 44.1 A
6.6 0.40 51.0 9.04 42.4 A
8.4 0.51 50.0 9.04 41.6 A
10.2 0.638 49.2 9.11 40.6 A
12.7 0.812 47.6 9.01 39.7 A
17.6 1.19 44.9 9.00 37.5 A

18.5 1.27 44.6 9.09 36.9 A+B
18.3 1.22 43.7 8.65 38.0 B
18.4 1.19 42.2 8.05 39.4 B
18.4 1.10 39.5 6.97 42.6 B
18.1 1.05 38.0 6.51 43.9 B
18.3 1.01 35.8 5.86 45.9 B
18.7 1.01 34.1 5.43 47.2 B
21.0 1.07 29.0 4.36 50.0 B
24.3 1.20 24.5 3.60 51.2 B
25.9 1.27 22.3 3.24 51.8 B
30.2 1.46 17.2 2.46 52.6 B
35.1 1.74 13.7 2.01 51.2 B
38.9 1.98 11.2 1.69 49.9 B
43.8 2.27 7.2 1.1 49.0 B
47.0 2.54 6.0 0.96 47.0 B
51.2 2.82 2.7 0.44 46.1 B
55.95 3.223 0 0 44 .05 B

8Molalities calculated by the compilers.

b =3 . -—
Solid phases: A = Be(No3)2.4H 0; B = U°2(N°3)2'6H2°'

2
®The sum of mass % is equal to 100.1 (compilers).

COMMENTS AND/OR ADDITIONAL DATA:

In the source publication, a phase diagram is given. Each isotherm
has one eutonic point.
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COMPONENTS:
(1) Uranyl nitrate; UOZ(NO3)2;
[15905-86~9]

(2) Magnesium nitrate; Mg(NO

)57
[10377-60-3] 372

(3) Water; H,0; [7732-18~5]

ORIGINAL MEASUREMENTS:
Yakimov, M. A.; Nosova, N. F.

2zh. Neorg. Khim., 1960, 5, 720 -

721.
Russ. J. Inorg. Chem., 1960, 5,
346. (Eng. trans.)

VARIABLES:

Composition at 273 and 298 K

PREPARED BY:

A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

o
The Uoz(N03)2 - Mg(N03)2 - H20 System at 0 C

Composition of Saturated Solutions?®

Mg(No3)2 Solid

U0, (NO.,)
2 372 Phaseb

mol % mass % mol /kg mol % mass % mol/kg

0 0 o 7.12 38.8 4.27 A
0.18 2.6 0.11 7.24 38.0 4.31 A
0.34 4.6 0.20 7.16 37.0 4.27 A
0.41 5.5 0.24 7.29 37.2 4.38 A+B
0.53 7.2 0.32 7.20 36.2 4.31 B
0.61 8.2 0.37 6.90 34.9 4.14 B
0.79 10.8 0.474 6.15 31.4 3.66 B
0.92 12.6 0.545 5.57 28.7 3.30 B
1.26 17.0 0.752 5.08 25.6 3.01 B
1.62 21.5 0.966 4.47 22.0 2.63 B
1.90 24.6 1.12 4.05 19.7 2.38 B
2.02 26.0 1.19 3.80 18.4 2.23 B
2.18 27.7 1.28 3.63 17.4 2.14 B
2.34 29.6 1.37 3.59 15.7 1.94 B
2.56 32.0 1.51 3.03 14.2 1.78 B
2.89 35.4 1.70 2.52 11.6 1.48 B
2.89 35. 1.70 2.30 10.7 1.35 B
3.05 36.8 1.76 2.22 10.2 1.30 B
3.18 38.1 1.885 2.08 9.5 1.2 B
3.37 40.3 1.96 1.70 7.6 0.98 B
3.76 44.5 2.18 0.86 3.8 0.50 B
4.29 49.5 2.49 0 0 0 B

(Continued on the next page)

AUXILTARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method described in
Ref. (1) was used. For analytical
determinations, both uranium and
magnesium were separated by ether
extraction. Uranium and magnesium
were measured gravimetrically as
the solids U,0, and Mg(CQHGON)2.4H20
(the oxine mgtﬁod).

SOURCE AND PURITY OF MATERIALS:

No information given.

ESTIMATED ERROR:
Solubility: Nothing specified.

Temperature: Nothing specified.

REFERENCES:

1. Yakimov, M. A.; Nosova, N. F.:
Grishin, V. A.

Zh. Neorg. Khim., 1958, 3, 504
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; Uoz(N03)2: Yakimov, M. A.; Nosova, N. F.
[15905-86-9]
zh. Neorg. Khim., 1960, 5, 720 -
721.
Russ. J. Inorg. Chem., 1960, 5,
346. (Eng. trans.)

(2) Magnesium nitrate; Mg(Noa)z;
[10377=60~3]

(3) Water; H_O;

,0i [7732-18-5]

EXPERTMENTAL VALUES: (Continued)

o
The U02(N03)2 - Mg(N03)2 - H20 System at 25°C

Composition of Saturated Solutions?®

U0, (NO.,) Mg(NOo.,) Solid
2 3’2 372 phaseb

mol % mass % mol/kg mol % mass % mol /kg

0 0 0 8.07 41.94 4.870 A
0.08 1.15 0.0507 8.05 41.30 4.838 A
0.58 7.10 0.344 8.57 40,50 5.211 A
0.73 9.2 0.45 8.37 38.8 5.03 A
0.97 11.9 0.596 8.15 37.4 4.97 A
1.09 13.2 0.675 8.35 37.2 5.06 A
1.46 16.0 0.864 8.95 37.0 5.31 A+B
1.64 18.4 1.01 8.37 35.4 5.17 B
1.67 19.2 1.02 7.59 33.0 4.65 B
1.78 20.0 1.09 7.90 33.6 4.88 B
1.81 21.0 1.11 7.18 31.0 4.35 B
2.20 24.8 1.33 6.59 28.0 4.00 B
2.26 25.4 1.37 6.51 27.6 3.96 B
2.28 25.8 1.39 6.35 27.0 3.86 B
2.34 26.7 1.41 5.89 25.3 3.55 B
2.65 30.0 1.60 5.30 22.5 3.19 B
2.88 31.8 1.73 5.18 21.6 3.13 B
3.41 36.8 2.05 4.35 17.6 2.60 B
3.43 37.0 2.06 4.28 17.4 2.57 B
3.72 39.6 2.23 3.80 15.3 2.29 B
4.07 43.4 2.43 2.81 11.2 1.66 B
4.52 47.2 2.67 2.03 8.0 1.2 c B
4.74 49.8 2.81 1.32 5.2 0.78 B
5.12 52.8 3.03 0.77 3.0 0.46 B
5.41 55.95 3.223 0 0 0 B

8Molalities calculated by the compilers.

b .

Solid phases: A = Mg(N03)2.6H20, B = U02(N03)2.6H20.

SThe sum of uranium and magnesium nitrate and water is equal to
99.98 mol ¥ (compilers).

COMMENTS AND/OR ADDITIONAL DATA:

In the source publication, a phase diagram is given.




85

COMPONENTS :
(1) Uranyl nitrate; UOZ(NO3)2:
[15905-86=-9]
(2) calcium nitrate; Ca(Noa)z:
[10124-37-5]

|

(3) Water; H_O; [7732-18~5]

2

ORIGINAL MEASUREMENTS:

vYakimov, M. A.; Nosova, N. F.;
Grishin, v. A.

Zh. Neorg. Khim., 1958, 3, 504 -

507.
Russ. J. Inorg. Chem., 1958, 3,
358. (Eng. trans.)

VARIABLES:

Composition at 273 and 298 K

PREPARED BY:

A. Sozanski:; S. Siekierski

EXPERIMENTAL VALUES:
The UO,(NO;), -

Ca(N03)2 -

H,0 System at 0.1°C

Composition of Saturated Solutions?

uo, (NO,, ) ca(NO.) H.O Solid
2 32 3’2 2 phaseb
mass % mol /kg mass % mol/kg mass %

49.50 2.488 0 o} 50.50 A
43.22 2.084 4.16 0.482 52.60 A
37.21 1.802 10.41 1.210 52.39 A
31.25 1.490 15.52 1.777 53.23 A
26.02 1.235 20.49 2.334 53.49 A
23.30 1.104 23.15 2.635 53.55 A
22.05 1.056 24.95 2.869 53.00 A
20.82 0.9966 26.16 3.007 53.02 A
12.21 0.5962 35.82 4.200 51.97 A
10.15 0.4920 37.49 4.363 52.36 A
8.75 0.429 39.43 4.637 51.82 A
8.44 0.415 39.95 4.717 51.61 A
6.76 0.344 43.32 5.288 49.92 A+B
5.10 0.248 42.69 4.983 52.21 B
4.55 0.221 43.20 5.039 52.25 B
2.55 0.123 45.00 5.229 52.45 B

0 0 50.63 6.250 49.37 B

(Continued on the next page)
AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal method was used.
Saturated solutions were obtained in
sealed tubes placed in a thermostat.
These were shaken 3 to 3-1/2 hours
(equilibrium was attained after 2 to
2-1/2 hours). The mixtures were
allowed to settle, and aliquots
removed with a pipet fitted with a
filter. Uranium was analyzed as U
Calcium was precipitated as the
oxalate, and ignited to CaO. The
oxide was then mixed with sulfuric
acid, and excess acid was evaporated.
Theoresulting Caso4 was heated at
500°C to 600 C and weighed.

0

378"

SOURCE AND PURITY OF MATERIALS:
UOZ(NO3)2.6H20, recrystallized

three times.
Ca(NOa)z, chemically pure.

H,0, twice distilled.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS ¢

(1) Uranyl nitrate: U02(N03)2:
[15905-86~9] :

(2) calcium nitrate; Ca(NO3)2;
[10124~37=5]

(3) wWater; Hzo; [(7732-18-5]

ORIGINAL MEASUREMENTS:

Yakimov, M.A.; Nosova, N. F.;
Grishin, V. A.

Zh. Neorg. Khim., 1958, 3, 504 -

507.
Russ. J. Inorg. Chem., 1958, 3,
358. (Eng. trans.)

EXPERIMENTAL VALUES: (Continued)

The UOZ(NO3)2 - Ca(N03)2

- H,0 System at 25°C

Composition of Saturated Solutions?

baoyg . A=
Solid phases: A = U02(N03)2

COMMENTS AND/OR ADDITIONAL DATA:

tetrahydrate, and the longer for

nitrate.

Uo., (NOo. ) Ca(NO.,) H.,0 Solid
2(N03); (NC3), 2 Shasab
mass % mol/kg mass % mol/kg mass %
55.92 3.219 ¢} 0 44.08 A
48.83 2.666 4.69 0.615 46.48 A
45.75 2.457 7.00 0.903 47.25 A
34.75 1.861 17.87 2.299 47.38 A
31.10 1.686 22.08 2.874 46.82 A
29.65 1.569 22.40 2.847 47 .95 A
26.02 1.383 26.23 3.348 47.75 A
22.98 1.216 29.05 3.691 47.97 A
17.60 0.9288 34.31 4.348 48.09c A
16.40 0.8747 37.02 4.742 47.58 A
15.18 0.8446 39.21 5.239 45.61 A
13.25 0.7358 41.05 5.474 45.70 A
9.66 0.558 46.40 6.435 43.94 A
8.72 0.506 47.51 6.615 43.77 A
7.97 0.460 48.10 6.673 43.93 A
7.92 0.483 50.48 7.395 41.60 A+B
7.41 0.437 49.59 7.028 43.00 B
6.88 0.398 49.20 6.827 43.92 B
4.18 0.232 50.00 6.650 45.82 B
2.01 0.113 52.81 7.123 45.18 B
Q ¢} 57.97 8.405 42.03 B

8Molalities calculated by the compilers.
.6H,0, B = Ca(NO,),.4H 0.

SThe sum of mass % is not egual to 100 (compilers).

Phase diagram is given in the source publication. Solubility
isotherms consist of two branches: the shorter for calcium nitrate

uranyl nitrate hexahydrate. This

means that calcium nitrate has a larger influence on uranyl nitrate
solubility than uranyl nitrate has on the solubility of calcium
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COMPONENTS: ORTGINAL MEASUREMENTS:
(1) Uranyl nitrate:; Uoz(Noa)z; Yakimov, M. A.; Nosova, N. F.;
[15905~86-9] Grishin, v. A.
Zh. Neorg. Khim., 1958, 3, 504 =-
(2) Strontium nitrate:; Sr(Nos)z’ 507.
[{10042~76~9] Russ. J. Inorg. Chem., 1958, 3

358. (Eng. trans.)
(3) Water; H20; [7732-18~5]

VARIABLES: PREPARED BY:

Composition at 298 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

o
3)2 - Hzo System at 25°C

Composition of Saturated solutions?®

The UO,(NO;), = Sr(NO

UO_(NO..) Sr(NO.,) H_ O Solid
2 3°2 372 2 Phaseb
mass ¥ mol/kg mass % mol/kg mass %

55.87 3.213 0 4] 44.JBC A
52.64 2.887 1.09 0.111 46.35 A
51.55 2.856 2.65 0.273 45,80 A
51.39 2.976 4.78 0.515 43.83 A+B
49.76 2.826 5.55 0.587 44.69 B
47.48 2.647 7.00 0.727 45.52 B
46.05 2.542 7.97 0.819 45.98 B
45.24 2.456 8.02 0.811 46.74 B
40.39 2.126 11.39 1.116 48.22 B
37.33 1.942 13.88 1.344 48.70c B+C
34.10 1.681 14.42 1.324 51.48 C
27.75 1.367 20.75 1.904 51.50 (o4
20.40 0.9670 26.06 2.300 53.54 C
11.20 0.5192 34.05 2.939 54.75 Cc

0 0 4.12 3.731 55.88 C

8Molalities calculated by the compilers.

b . - -
Solid phases: A = UOZ(N03)2.6H20, B = Sr(No3)2,

CThe sum of mass % is not equal to 100 (compilers).

C = Sr(No,),.4H,0.

COMMENTS AND/OR ADDITIONAL DATA:

The solubility diagram is given in the source publication. Solubility

isotherm consists of three branches: solubility curves: of Sr(NO3)?.4H20,
anhydrous Sr(No3)2, and UOZ(N03)2.6H20.

AUXILIARY INFORMATION
METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

1. Uoz(No3)2.6H?o, recrystallized
Isothermal analytical method used. ’
Saturated solutions in sealed tubes three times.

placed in thermostat. Tubes were 2. Sr(N03)2, chemically pure.
shaken 3 to 3-1/2 hours (equilibrium
attained after 2 to 2-1/2 hours). The|3. Water, twice distilled.
mnixtures were allowed to settle, and
samples then taken for uranium and ESTIMATED ERROR:

strontium analysis. The solid phase Solubility: Nothing specified.
composition found by Schreinemakers
method. Uranium and strontium found Temperature: Precision +0.05K.
gravimetrically. Low concengrations
of Sr radiometrically by Sr-~. REFERENCES:
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COMPONENTS:
(1) Uranyl nitrate: Uo2(N03)2;
[15905-86-9]
(2) Barium nitrate; Ba(NOB)Z:
(10022-31-8}

ORIGINAL MEASUREMENTS:

Yakimov, M. A.; Nosova, N. F.:
Grishin, V. A.

Zh. Neorg. Khim., 1958, 3, 504 -
507.

Russ. J. Inorg. Chem., 1958, 3,

(3) Water; H2°7 {7732~18~5] 358. (Eng. trans.)
VARIABLES: PREPARED BY:
Composition and temperature A. Sozanski: S. Siekierski
EXPERIMENTAL VALUES:
The U02(N03)2 - Ba(NO3)2 - H20 System
Composition of Saturated Solutions?®
U02(N03)2 Ba(NO3)2 Hzo solid
t/°c mass % mol /kg mass % mol/kg mass % Phaseb
0.1 49.39 2.477 0 0 50.61 A
39.41 1.658 0.27 0.017 60.32 B
31.64 1.182 0.42 0.024 67.94 B
21.65 0.7067 0.60 0.030 77.75 B
17.36 0.5383 0.80 0.037 81.84 B
11.82 0.3467 1.67 0.0739 86.51 B
8.82 0.251 2.00 0.0858 89.18 B
5.20 0.143 2.60 0.108 92.20 B
0 0 4.88 0.196 95.12 B
25 56.12 3.246 0 0 43.88 A
49.51 2.501 0.25 0.019 50.24 B
40.12 1.712 0.40 0.026 59.48 B
33.16 1.271 0.65 0.038 66.19 B
30.74 1.139 0.74 0.041 68.52 B
23.34 0.7876 1.45 0.0738 75.21 B
21.04 0.6903 1.61 0.0796 77.35 B
19.37 0.6254 2.03 0.0988 78.60c B
16.78 0.5274 2.37 0.112 80.75 B
14.00 0.4284 3.06 0.141 82.94 B
11.54 0.3452 3.63 0.164 84.83 B

(Continued on the next page)

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal method was used.
Saturated solutions were added to
sealed tubes, and placed in a thermo-
stat. The solutions were shaken 3 to
3-1/2 hours (equilibrium was reached
after 2 to 2-1/2 hours). The mixtures
were allowed to settle, after which
samples were obtained using a pipet.
The samples were filtered and used
for uranium and barium analysis.

The composition of the solid phase
was determined by Schreinemakers
methed. Uranium and barium were then
measured gravimetrically as 0308, and
barium sulfate.

SOURCE AND PURITY OF MATERIALS:
1. UOZ(NO3)2.6H20 was

recrystallized three times.
2. Ba(NO3)2, chemically pure.

3. Water, twice distilled.

ESTIMATED ERROR:
Solubility: Nothing specified.

Temperature: Oog and 25°c, +0.05K;
50°C, +0.1K.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate; Uoz(Noa)z; Yakimov, M. A.; Nosova, N. F.;
[15905-86=9] Grishin, V. A.
{(2) Barium nitrate:; Ba(No3)2; Zh. Neorg. Khim., 1958, 3, 504 =-
{10022-31-8] 507.
Russ. J. Inorg. Chem., 1958, 3,
(3) Water:; Hzo; [7732-18~-5] 358. (Eng. trans.)

EXPERIMENTAL VALUES: (Continued)
The UOZ(NO3)2 - Ba(NO3)2 - Hzo Systenm

Composition of Saturated Solutions?

U0, (NO,) , Ba(NO,), H,0 gglidb
o ase

t/¢C mass % mol/kg mass % mol/kg mass %

25 8.25 0.241 4.78 0.210 86.97 B

5.20 0.149 6.20 0.268 88.60 B

0 0 9.18 0.387 90.82 B

50 67.28 5.218 0 ¢} 32.72 A

54.15 3.022 0.38 0.032 45.47c B

48.20 2.386 0.43 0.032 51.27 B

39.37 1.674 0.93 0.060 59.70 B

31.41 1.192 1.70 0.0972 66.89 B

21.27 0.7217 3.94 0.202 74.79 B

14.20 0.4552 6.64 0.321 79.16 B

7.96 0.244 9.32 0.431 82.72 B

0 0 14.53 0.6505 85.47 B

8Molalities calculated by the compilers.
b =
Solid phases: A = U02(No3)2.6H20, B = Ba(Noa)z'

CThe sum of mass % does not equal 100 (compilers).

COMMENTS AND/OR ADDITIONAL DATA:

A phase diagram is given in the source publication. At one
temperature, the solubility isotherm consists virtually of
only one branch. The second branch was not studied for lack
of a suitable analytical method.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate:; U02(No3)2:
[15905-86-9] Yakimov, M. A.; Nosova, N. F.
(2) Zinc nitrate; Zn(N03)2 H Vestn. Lenigr. Univ., 1962, 4,
[7779~-88=6) 106 - 114.

(3) Water; H?O: [7732~18-5]

VARIABLES: PREPARED BY:

Composition at 273 and 298 K L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

o
The UOZ(NO3)2 - Zn(N03)2 - H,0 System at 0 C

2
Composition of Saturated solutions?

uo_ (NO. ) Zn(NO., ) H,O Solid
2 372 3’2 2 Phaseb
mass % mol/kg mass % mol/kg mass %
0 0 48.3 4.96 51.4 A
1.6 0.08 48.0 5.02 50.4 A
2.9 0.15 48.0 5.16 49.1 At+B
3.3 0.17 46.3 4.85 50.4 B
3.8 0.19 45.1 4.66 51.1 B
3.6 0.18 44 .5 4.53 51.9 B
6.5 0.31 40.3 4.00 53.2c B
12.9 0.603 32.8 3.19 54.2 B
16.5 0.764 28.7 2.77 54.8 B
17.8 0.807 26.2 2.47 56.0 B
21.9 1.01 23.1 2.22 55.0 B
24.0 1.12 21.8 2.12 54.2 B
28.1 1.30 17.0 1.17 54.9 B
32.3 1.56 15.0 1.50 52.7 B
37.3 1.77 9.3 0.92 53.4 B
38.3 1.82 8.2 0.81 53.5 B
41.6 2.05 6.0 0.70 51.6 B
49.50 2.49 0 0 50.5 B
(Ccontinued on the next page)
AUXTLIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. The Nothing specified.
nitrates and water or supersaturated
solution were placed in ampoules and
shaken in a thermostat for 4 hours

(equilibrium attained in 2-1/2 to 3

hours). Details of the procedure are |[ESTIMATED ERROR:
described in Ref. (1). For analytical
purposes, uranium was extracted from {Nothing specified.
the solution as described in (2),

then reextracted, precipitated with

ammonia, and ignited to oxide, U3°8'

Zinc determined in the raffinate REFERENCES:
radiometrically measuring gamma 65 1. Yakimov, M. A.; Nosova, N. F.:;
radiation with MS-7 counter (Zn 7). Zh. Neorg. Khim., 1958, 3, 504.

The composition of the solid phases
was determined by Schreinemakers 2. Yakimov, M. A.
method. Zh. Neorg. Khim., 1960, 5, 720.




COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate: Uoz(N03)2; vakimov, M. A. Nosova, N.F.:
[15905~86=9]

(2) Zinc nitrate; Zn(N03)2: Vestn. Leningr. Univ., 1962, 4,
(7779-88-6] 106 - 114.

(3) Water: H,0; [7732-18~5]

EXPERIMENTAL VALUES: (Continued)
o
The UOZ(N03)2 - Zn(NO3)2 - HZO System at 25°C

Composition of Saturated solutions?

uo,,(NO.,) Zn(NO.,) H,0 Solid
2 372 3’2 2 Phase
mass % mol/kg mass % mol /kg mass %

0 0 55.9 6.69 44.1 A
2.2 0.13 54.2 6.56 43.6 A
3.9 0.23 53.3 6.58 42.8 A
6.3 0.38 51.9 6.56 41.8 A
8.1 0.50 51.1 6.61 40.8 A
8.2 0.50 50.3 6.40 41.5 A
10.0 0.634 50.0 6.60 40.0 A

12.0 0.767 48.3 6.42 39.7 A+B
12.2 0.759 47.0 6.08 40.8 B
12.1 0.724 45.5 5.67 42.4 B
11.1 0.639 44.8 5.36 44.1c B
14.6 0.778 37.6 4.17 47.6 B
14.8 0.781 37.1 4.07 48.1 B
19.3 1.01 32.0 3.47 48.7 B
24.0 1.27 28.2 3.11 47.8 B
25.8 1.35 25.8 2.81 48.4 B
34.4 1.85 18.3 2.04 47.3 B
40.6 2.21 12.8 1.45 46.6 B
45.8 2.52 8.0 0.91 46.2 B
48.9 2.80 6.8 0.81 44.3 B
55.9 3.22 0 0 44.1 B

8Molalities calculated by the compilers.

b

Solid phases: A = Zn(NO .6H.0, B = Uoz(NO .6H_ 0.

3)2 2 3)2 2
CThe sum of mass % is not equal to 100 (compilers).

COMMENTS AND/OR ADDITIONAL DATA:

The phase diagram is given in the source publication. The
solubility isotherm consists of two branches, corresponding
to solid phases Zn(NO3)2.6H20 and Uoz(N03)2.6H20.
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COMPONENTS:

(1) Uranyl nitrate; UOZ(N03)27
[15905-86-9}

(2) Cadmium nitrate; Cd(NO3)2:
[10325-94=7]

(3) Water; H,0; [7732-18-5)

ORIGINAL MEASUREMENTS:
Yakimov, M. A.; Nosova, N. F.

Vestn. Leningr. Univ., 1962, 4,
106 - 114.

VARIABLES:

Composition at 273 and 298 K

PREPARED BY:

L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

o
The UOZ(N03)2 - Cd(NO3)2 - HZO System at 0 C

Composition of Saturated Solutions?

Uo_(NO,) Cd(NO.,) H,O Solid
2 3’2 3’2 2 Phaseb
mass % mol/kg mass % mol /kg mass %

0 [} 55.6 5.30 44.4 A
2.9 0.17 52.6 5.00 44.5 A
3.9 0.22 52.1 5.01 44.0 A
6.1 0.35 49.8 4.78 44.1 A
6.6 0.38 49.5 4.77 43.9 A+B
7.6 0.43 48.0 4.57 44.4 B
9.9 0.53 43.0 3.86 47.1 B
12.2 0.634 39.0 3.38 48.8c B
17.8 0.913 32.7 2.79 50.5 B
17.9 0.909 32.1 2.72 50.0 B
19.8 1.00 30.1 2.54 50.1 B
25.6 1.28 23.8 1.99 50.6 B
25.8 1.29 23.5 1.96 50.7 B
27.3 1.37 22.3 1.87 50.4 B
30.7 1.55 19.0 1.60 50.3 B
37.1 1.83 11.5 0.946 51.4 B
38.0 1.88 10.6 0.872 51.4 B
40.6 2.03 8.6 0.72 50.8 B
44.7 2.21 3.9 0.32 51.4 B
49.5 2.49 0 0 50.5 B

(Continued on the next page)

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal method was used. The
nitrates and water or supersaturated
solutions were placed in ampoules and
shaken in a thermostat for 4 hours
(equilibrium was attained after 2-1/2
to 3 hours). Details of the procedure
have been described (1). Cadmium was
analyzed by precipitation with H,S.
The resulting precipitate of CdS“was
solubilized in concentrated hydro-
chloric acid, then precipitated with
(NH4)2HPO4, and ignited to cd2P207.

Uranium was determined in filtrate
by precipitation with ammonia, and

subsequent ignition to U3°8‘

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Yakimov, M. A.; Nosova, N. F.

Z2h. Neorg. Khim., 1958, 3, 504.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate: UOZ(N03)2;
[15905~-86~9] Yakimov, M. A.; Nosova, N. F.
(2) cadmium nitrate; Cd(Noa)z: Vestn. Leningr. Univ., 1962, 4,
[{10325~94-7] 106 - 114.

(3) water; Hzo; [7732~18=5]

EXPERIMENTAL VALUES: (Continued)
[o)
The UO,(NO,), - Cd(NO,), - H,0 System at 25°C

Composition of Saturated Solutions?

Uo,(NO,)) CA(NO,) H,O Solid
2 3’2 372 2 Phaseb
mass % mol /kg mass % mol /kg mass %
0 0 61.4 6.73 38.6 A
1.2 0.078 60.0 6.54 38.8 A
3.2 0.21 58.3 6.41 38.5 A
5.9 0.39 56.0 6.22 38.1 A
8.4 0.58 54.6 6.24 37.0 A
9.7 0.67 53.5 6.15 36.8 A+B
9.5 0.63 52.5 5.84 38.0 B
9.5 0.63 52.2 5.77 38.3 B
9.9 0.66 51.8 5.72 38.3 B
10.2 0.672 51.6 5.71 38.2 B
10.9 0.692 49.1 5.18 40.0 B
12.9 0.795 45.9 4.71 41.2 B
13.0 0.813 46.4 4.83 40.6 B
15.2 0.932 43.4 4,43 41.4 B
20.2 1.21 37.5 3.75 42.3 B
26.8 1.56 29.7 2.89 43.5 B
33.4 1.91 22.3 2.13 44.3 B
48.1 2.74 7.4 0.70 44 .5 B
55.9 3.22 0 0 44.1 B

3Molalities calculated by the compilers.

Pso1id phases: A = cd(NO .4H,0; B = UO,(NO,),.6H.O.

3)2 3)2
®Phe sum of mass % is not equal to 100 (compilers).

COMMENTS AND/OR ADDITTONAL DATA:

A phase diagram is given in the source publication. The solubility
isotherm exhibits one eutonic point.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate:; UOZ(N03)2;
[15905-86-9) Yakimov, M. A.; Nosova, N. F.

(2) Mercury nitrate; Hg(NO3)2r Vestn. Leningr. Univ., 1962, 4,
{10045-94-0} 106 - 114.

(3) Water; H,0; [7732-18-5)

VARIABLES: PREPARED BY:

Composition and temperature A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

The UO,(NO,), = Hg(NO,), - H,0 System at 0°c, 15°c ana 25°c
Composition of Saturated Solutions?
Uo_ (NO.,) Hg(NO. ) H.O Solid
o 2 3’2 372 2 Phaseb
t/cC mass % mol/kg mass % mol/kg mass %

0 1.9 0.17 69.6 7.52 28.5 A+B
3.0 0.25 66.2 6.62 30.8 B

4.1 0.32 63.2 5.95 32.7 B

6.7 0.48 58.2 5.11 35.1 B

9.5 0.65 53.6 4.47 36.9 B

12.5 0.815 48.6 3.85 38.9 B

13.2 0.850 47.4 3.71 39.4 B

15.5 0.981 44.4 3.41 40.1 B

19.0 1.17 39.7 2.96 41.3 B

22.7 1.37 35.2 2.58 42.1 B

24.3 1.40 31.6 2.21 44.1 B

28.2 1.61 27.3 1.89 44.Sc B

31.0 1.69 22.4 1.48 46.7 B

34.0 1.81 18.4 1.19 47.6 B

35.6 1.87 16.2 1.04 48.2 B

36.2 1.89 15.2 0.964 48.6 B

39.0 2.00 il.6 0.723 49.4 B

42.8 2.16 7.0 0.43 50.2 B

46.4 2.34 3.2 0.20 50.4 B

49.5 2.49 ¢} 0 50.5 B

(Continued on the next page)
AUXTLIARY INFORMATION
METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The isothermal method was used. Nothing specified.

Nitrates and water or supersaturated

solution were placed in ampoules and
shaken in a thermostat for 4 hours ESTIMATED ERROR:
(eguilibrium was attained after 2-1/2
to 3 hours). Details of the procedure| Nothing specified.
are given in Ref. (1).

REFERENCES:
1. Yakimov, M. A.; Nosova, N. F.

Zh. Neorg. Khim., 1958, 3, 504.
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COMPONENTS: ORIGTINAL MEASUREMENTS:

(1) Uranyl nitrate: Uo (No ) Yakimov, M. A.; Nosova, N. F.:;
[15905~86-9]
Vestn. Leningr. Univ., 1962, 4,
(2) Mercury nitrate; Hg(Noa)z; 106 - 114.
[{10045=94~0]

(3) Water: Hzo; [7732-18~5)

EXPERIMENTAL VALUES: (Continued)

The UO,(NO,), - Hg(NO,), = H,0 System at 0%, 15°% ana 25°%
Composition of Saturated solutions?
uo, (NO,), Hg(NO;) H,0 solidy
o - Phase
t/C mass % mol/kg mass % mol/kg mass %

15 2.9 0.38 77.6 12.3 19.5 A+B
11.6 0.889 55.3 5.15 33.1 B
13.8 1.04 52.5 4.80 33.7 B
15.3 1.11 49.8 4.40 34.9 B
19.5 1.37 44.4 3.79 36.1 B
22.0 1.52 41.2 3.45 36.8 B
26.4 1.69 34.0 2.65 39.6 B
30.8 1.89 27.8 2.07 41.4 B
36.5 2.16 20.7 1.49 42.8 B
39.0 2.20 16.0 1.10 45.0 B
44.3 2.34 7.7 0.49 48.0 B
49.0 2.61 3.3 0.21 a47.7 B
52.9 2.85 0 0 47.1 B

25 4.8 0.69 77.6 13.6 17.6 A+B

6.2 0.73 72.1 10.2 21.7 B
8.1 0.86 68.0 8.77 23.9 B

9.1 0.93 66.0 8.17 24.9C B
10.0 0.984 64.2 7.67 25.2 B
11.1 1.06 62.4 7.25 26.5 B
11.4 1.03 60.5 6.63 28.1 B
12.0 1.05 59.0 6.27 29.0 B
13.0 1.112 57.2 5.91 29.8 B
15.0 1.24 54.3 5.45 30.7 B
18.7 1.48 49.2 4.72 32.1 B
19.3 1.48 47.7 4.45 33.0 B
25.7 1.81 38.2 3.26 36.1 B
29.6 2.08 34.2 2.91 36.2 B
31.4 2.15 31.6 2.63 37.0 B
33.1 2.20 28.7 2.31 38.2 B
35.2 2.33 26.5 2.13 38.3 B
36.7 2.39 24.3 1.92 39.0 B
39.1 2.51 21.3 1.66 39.6 B
41.2 2.56 17.9 1.35 40.9 B
43.2 2.65 15.4 1.15 41.4 B
44.0 2.68 14.4 1.07 41.6 B
47.2 2.82 10.3 0.747 42.5 B
50.8 2.96 5.7 0.40 43.5 B
55.9 3.22 0 0 44.1 B

8Molalities calculated by the compilers.
b = =
Solid phases: A = Hg(N03)2.0.5H20, B = UOZ(N03)2.6H20.

CThe sum of mass % does not equal 100 (compilers).

COMMENTS AND/OR ADDITIONAL DATA:
The source publication contains a phase diagram. Only the branch which

corresponds to solutions in equilibrium with uranyl nitrate hexahydrate
was studied due to strong hydrolysis of Hg(NO )?
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COMPONENTS: ORTGINAL MEASUREMENTS:

(1) Uranyl nitrate: Uoz(No3)2; Bol’shakov, K. A.; Korovin, S. S.
{15905-86~-9]
Zh. Neorg. Khim., 1957, 2, 1940 -
1950.
(2) Uranyl oxalate; UOZC204;
[2031-89-2] Russ. J. Inorg. Chem., 1957, 2,
365. (Eng. trans.)

(3) Water; H,0; [7732-18-5]

VARIABLES: PREPARED BY:

Composition at 298 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

o]
The U02(N03)2 - U02C204 - H20 System at 25°C

Composition of Saturated Solutions?
UO.(NO.) U0.,C.0 H,O Solid
2 372 27274 2 Phaseb

mass % mol /kg mass % mol/kg mass %

0 0 0.58 0.016 99.42 A

1.26 0.0326 0.58 0.017 98.16 A

5.18 0.140 0.60 0.018 94.22 A
9.55 0.270 0.63 0.020 89.82 A
12.66 0.3705 0.63 0.020 86.71 A
18.76 0.5905 0.62 0.021 80.62 A
20.40 0.6553 0.60 0.021 79.00 A
23.64 0.7917 0.58 0.021 75.78 A
31.03 1.151 0.54 0.022 68.43 A
34.39 1.960 0.44 0.022 56.17c A
51.78 2.745 0.35 0.020 47.97 A
55.50 3.187 0.31 0.020 44.19 A+B
55.85 3.229 0.26 0.017 43.89 B
56.00 3.239 0.12 0.0076 43.88 B
56.23 3.260 4] 0 43.77 B
8Molalities calculated by the compilers.
b i . F=1 . F—3

Solid phases: A = U02C204.3H20, B = U02(N03)2.6H20.

CThe sum of mass % is equal to 100.1 (compilers).

COMMENTS AND/OR ADDITIONAL DATA:
Source paper has a phase diagram. Solubility curve of uranyl oxalate has
a maximum at 12 mass % of UO?(N03)2.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. No information given.
Appropriate amounts of uranyl nitrate

and uranyl oxalate were shaken for 3

to 4 days with water in a vessel ESTIMATED ERROR:
protected from light to prevent the
formation of basic uranium(IV) Solubility: Nothing specified.

oxalate. Uranium and oxalate were
measured by potentiometric titration.|Temperature: Nothing specified.

Nitrates were determined by the
Kjeldahl method. Details of the REFERENCES :

procedure are given in (1). 1.Bol’shakov,K. A.; Korovin, S. S.:
Plyushchev, V. E.; Ermakova, T.A.

Zh. Neorg. Khim., 1954, 2, 222.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Uranyl nitrate; U02(N03)2: Cordfunke, E. H. P.

[15905~86=9]

J. Inorg. Nucl. Chem., 1972, 34,

(2) Uranium oxide; U03: [1344-58~7]) 531 - 544.
(3) Water; HZO: [7732=-18=5]
VARIABLES: PREPARED BY:
Composition at 298 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

Numerical data for the system UO (NO3) U0, - H.,O at 25°C are not
given. The phase diagram is giveﬂ on3tfe next paga.

COMMENTS AND/OR ADDITIONAL DATA:

The results are given in the phase diagram. Two solubility regions have
been found with the corresponding solids U0,.2H,0 and UOZ(NO ) -6H,0.
Within the solubility region of UO -2H,0, a smafl region exi®té inwhich
a basic salt (w, on the phase diag%am) is formed after short equilibra-
tion times. This is gradually converted into the mixture of uranyl
nitrate hexahydrate and «-UO..H,0, and a new phase which closely
resembles U02.2H20, but still hds a different structure.

(Continued on the next page)

AUXILITARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method used. Known amounts|{l. The uranyl nitrate hexahydrate
of uranyl nitrate hexahydrate, was purified by recrystallizing
amorphous uranium oxide, and water several times and drying over
were equilibrated in sealed glass H2504 to constant composition.
ampoules, and set in a water bath at

25°C. After 3 to 20 weeks, uranium 2.

Uo, was obtained by ignifion of
and nitrate were analyzed both in the hyarated U0, .2H,0 at 425°C.
saturated solution and in the wet
residue by Schreinemakers method.
Uranium was determined by evaporation|ESTIMATED ERROR:
of the solution and ignition of the
residue to U Og, nitrate as NH, after{ Nothing specified.
reduction wiah Devarda’s metal: Since
direct analysis of uranium in the

solution gave low results, it was REFERENCES:

first separated by ion exchange, 1. Kraus, C. A,

then eluted with 2N perchloric acid Brown Univ. (1944), quoted in
solution. J.J.Katz and E. Rabinowitch, The

Chemistry of Uranium, McGraw =
Hill, New York, 1951, 329.




98

COMPONENTS:

[15905-86=9]

(3) Water; HZO;

(1) Uranyl nitrate; UO (NO )

(2) Uranium oxide: U03; [1344-58~7]

[(7732-18~5]

ORIGINAL MEASUREMENTS:
Cordfunke, E. H. P.

J. Inorg. Nucl. Chem., 1%72, 34,
531 - 544.

EXPERIMENTAL VALUES: (Continued)

Numerical data for the system UO (NO )
given. The phase diagram is:

- U0, - H,0 at 25°C are not

UO,(NO3),
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COMPONENTS:

(1) Uranyl nitrate: UOZ(N03)2;
[15905-86-9]

(2) Uranium oxide; U03; [1344-58-7)

(3) Water; H.O; [7732~18-5]

2

ORIGINAL MEASUREMENTS:

Efimova, V. S.; Gromov, B. V.
At. Energ., 1973, 35, 57 -~ 59.

VARIABLES:

Composition and temperature

PREPARED BY:

A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

The UO,(NO,), - U0, - H,
form of a Bhgse diggram.
Lacher (1) and Cordfunke (2).

COMMENTS AND/OR ADDITIONAL DATA:

Two solid phases exist: A = uo,
B=6.1 U0,.0.5N,,0..25H,,0 (U0, =
mass %). I£ was annd tﬁat sofid

0 System at 20°¢ and at 95°¢ is given in the
The phase diagram also includes data

.2H,0 or UO,(NO.)
= 64.20+2.78 )
phase B was stable at 20 é

from

.H, 07

23 2uo_ (N

mass 2

) = 16.641.20
for the

duration of the experiment (1.5 y), but decomposed at 95 C in 9 to 10
hours. Data on the analysis of aqueous solutions at 20 C show that at
equilibrium with phase A, uranyl ions exist mostly as dimers, and at

equilibrium with phase B, uranyl ions exist mostly as tetramers.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. The 1. UOZ(Noa)2 prepared as in (3).
solutions of uranyl nitrate and of
uranium oxide were c8ntained in 2. an prepared as in (3).

closed vessels at 20 C, and with
occasional shaking for a period of

1-1/2 years (equilibrium was attained|ESTIMATED ERROR:
afteroa months). Data for the system
at 95 C were obtained after 9 to 10

Nothing specified.
hours. The solid phase composition

was determined by Schreinemakers (4)
method. Uranium was measured by a
gravimetric method. Nitrate ions were
determined by the reverse titration

REFERENCES:
1. Lacher, J.
Inorg. Chem., 1962, 1, 4.

of iron(II) with K,Cr,0.,. 2. Cordfunke, E. J.
J. Inorg. Nucl. Chem., 1972, 34,
531.
3. Gromov, B, V.; Efimova, V. S.

Tr. Mosk. Khim.-Tekhnol. Inst.
im. D.I.Mendeleeva,1973, 73,99.

Schreinemakers, F. A. H.
2. physik. Chem., 1893, 11, 81.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; Uoz(N03)2; Harmon, M. K.; Cooper, V. R.
[15905-86~-9]

(2) Ammonium nitrate; NH4N0
[6484-52-2]

" Report, 1948, HW-10137.

(3) Nitric acid:; HNO3; [7697-37=-2)]

(4) Water; H,0; [7732-18-5]

VARIABLES: PREPARED BY:

Composition and temperature A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

The U02(N03)2 - NH4N03 - HNO3 - H20 System

Composition of Saturated Solutionsa’b
NH A NO HNO
density  UNH®  uo,(No,), 4 3 3

t/°c g/cm3 mass % mol/kg g/dm3 mol /kg g/dm3 mol/kg
-19.3 1.4133 33.1 1.28 318.0 5.458 0 0
-18.9 1.4037 29.8 1.11 326.1 5.438 0 0
-17.9 1.4367 35.6 1.41 315.6 5.474 0 0
-17.2 1.3304 25.3 0.895 315.3 5.250 0 0
-16.6 1.4808 38.2 1.59 329.0 5.809 0 [0}
-16.2 1.5026 40.7 1.74 323.06 5.764 ] 0
~-15.9 1.2927 21.4 0.728 318.6 5.259 0 0
-15.4 1.5052 41.0 1.75 318.3 5.663 0 0
~15.0 1.5636 43.7 1.91 314.5 5.564 o} 0
~-14.9 1.2637 17.6 0.577 322.0 5.243 0 0
-13.9 1.5921 47.5 2.21 317.3 5.821 0 0
-13.9 1.6062 48.5 2.30 320.3 5.938 0 0
-13.3 1.2019 10.9 0.335 320.9 5.151 0 0
-13.1 1.6260 50.3 2.45 318.1 5.970 0 0
-11.1 1.1196 0.0 0.0 317.1 4.937 0 4]
- 7.9 1.6618 52.7 2.70 327.0 6.316 0 0

6.7 1.7590 59.4 3.39 326.5 6.656 0 0

13.3 1.8066 61.7 3.53 319.6 6.423 0 0
-19.7 1.3559 26.8 0.984 319.8 5.439 16.79 0.3627
~19.2 1.3840 28.6 1.08 327.4 5.623 19.20 0.4189
-18.3 1.3251 23.6 0.840 321.0 5.415 18.33 0.3928

(Continued on the next page)

AUXILTARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The synthetic method was used. Nothing specified.
Freezing points for the solutions

were established in an apparatus
consisting of a round bottom tube ESTIMATED ERROR:
containing the sample, suspended in
a larger tube. This pair of tubes was|Solubility: The freezing points are

suspended in a Dewar flask which the average of four or
contained a mixture of dry ice and more replicates.
acetone. The sample was stirred

constantly as the temperature Temperature: Precision +0.1K.

decreased, and was observed closely

with the aid of a Spencer micro-lamp.
REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; UOZ(N03)2; Harmon, M. K.; Cooper, V. R.

{15905=-86-9]
Report, 1948, HW-10137.
(2) Ammonium nitrate; NH

NO,;
[6484-52-2]

4

(3) Nitric acid; HNO,; [7697-37-2]

(4) Water; H,O0; (7732-18-5
2

EXPERIMENTAL VALUES: (Continued)

The UOZ(N03)2 - NH,NO, = HNO3 - H20 System

4773
Composition of Saturated Solutionsa'b
c NH,NO, HNO,
density UNH Uoz(Noa)z

t/oc g/cm3 mass % mol /kg g/dm3 mol /kg g/dm3 mol/kg
-17.5 1.2971 20.4 0.701 320.1 5.325 18.50 0.3910
-16.4 1.4383 33.5 1.36 335.4 5.21 16.91 1.3792
-15.3 1.4806 37.6 1.57 318.6 5.639 19.39 0.4360
~-15.1 1.2387 13.8 0.444 321.85 5.2623 18.96 0.3938
-14.7 1.5148 40.0 1.76 332.9 6.072 21.30 0.4935
-14.7 1.2150 10.3 0.319 319.7 5.122 17.33 0.3527
-13.6 1.5423 42.1 1.86 321.2 5.782 18.12 0.4143
~12.8 1.5767 45.5 2.14 326.7 6.103 18.39 0.4364
-12.3 1.6177 58.2 2.33 316.9 5.943 23.11 0.5505
~-12.2 1.1282 0.0 0.0 323.4 5.125 16.37 0.3295
-12.0 1.6140 48.4 2.36 320.4 6.064 20.18 0.4852
- 8.3 1.6246 48.9 2.39 321.3 6.068 17.95 0.4306
- 4.4 1.6632 51.5 2.61 319.8 6.115 18.01 0.4375

1.6 1.6896 53.6 2.83 321.2 6.287 18.79 0.4672

15.5 1.8586 59.8 3.41 319.2 6.153 19.6 0.480
-20.0 1.2787 16.3 0.566 322.9 5.495 58.01 1.254
-19.7 1.3259 21.0 0.762 319.2 5.473 59.32 1.292
-19.3 1.2544 12.7 0.432 335.0 5.697 59.75 1.291
-19.1 1.3293 21.2 0.789 338.0 5.946 60.5 1.352
-16.7 1.1941 0.3 0.007 319.2 4.906 59.72 1.166
-16.7 1.4398 31.6 1.29 318.1 5.644 60.46 1.363
=-15.7 1.4406 32.2 1.33 321.5 5.785 60.35 1.379
-15.0 1.1486 0.0 0.0 319.2 5.168 57.76 1.188
-14.4 1.4776 33.0 1.37 326.6 5.762 60.2 1.349
-13.5 1.4817 35.4 1.53 327.1 5.994 60.97 1.419
-13.5 1.5234 38.5 1.73 320.87 5.9296 66.41 1.559
- 8.1 1.5907 44.3 2.14 317.1 6.021 62.08 1.497

6.7 1.7032 52.8 2.88 319.9 6.427 56.32 1.437
~18.9 1.2061 0.0 0.0 320.3 5.641 176.4 3.946
-17.8 1.2509 6.3 0.22 320.4 5.687 165.3 3.727
-16.7 1.2510 12.8 0.504 319.8 6.342 176.07 4.4346
-14.4 1.3550 18.2 0.731 321.0 5.959 167.3 3.945
-10.6 1.4289 25.1 1.10 321.3 6.182 176.8 4.321
- 4.5 1.5439 35.2 1.78 323.62 6.6427 185.51 4.837

0.3 1.5878 39.6 2.08 319.6 6.618 171.1 4.501
13.9 1.7439 51.6 3.26 318.1 7.235 170.2 4.917

8Molalities calculated by the compilers.

bNature of the equilibrium solid phases not specified.

c
UNH = U02(N03)2.6H20.

COMMENTS AND/OR ADDITIONAL DATA:

In a few cases "seeding" was necessary to induce solidification. In
other cases no supercooling occurred, so that the freezing point was

taken as the temperature of incipient crystallization which was
easily detectable in the path of the light beam.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate:; Uo2(N03)2:

[15905~86-9] Kurnakova, A. G.; Nikolaev, A. V.

(2) Ammonium nitrate; NH4N03: Zh. Neorg. Khim., 1958, 3, 1028 -
[6484-52~2] 1036.
Russ. J. Inorg. Chem., 1958, 3,
(3) Nitric acid; HNO3; [7697-37~2) 298. (Eng. trans.)
(4) Water: HZO: [7732-18~5])
VARIABLES: PREPARED BY:
Composition at 298 K L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

o
4NOy - HNO3 - HZO System at 25°C

Composition of Saturated solutions?®

The U02(N03)2 - NH,NO

Density NH4NO3 Uoz(Noa)2 solid
3 b
g/cm mass % mol/kg mass % mol/kg Phase
1.318 61.09 7.63 —— —— A
1.433 51.09 6.38 13.88 0.35 A
1.563 43.50 5.43 25.36 0.64 A
1.620 40.46 5.05 28.84 0.73 A
1.667 38.73 4.84 30.58 0.78 A+B
1.720 35.80 4.47 36.09 0.92 B
1.910 23.25 2.90 48.51 1.23 B
1.900 21.56 2.70 49.68 1.26 B
1.916 20.36 2.54 50.74 1.29 B
1.928 19.83 2.48 51.19 1.30 B+C
1.850 16.68 2.08 49.50 1.26 Cc
1.766 10.60 1.32 47.76 1.21 C
1.684 - —— 48.79 1.24 C
4rhe HNO3 concentration is 1.5N.
b . A = -
Solid phases: A = NH4NO3, B = UOz(NO3)2.2NH4N03.2H20,
C = UO,(NO,),.6H,0.
AUXILIARY INFORMATION: Nothing specified.
Solubility and specific gravity .
of saturated solutions for the
system at 257°C:
U0, (NO.,) ,~NH ,NO..~-HNO.~H.0 120
2(NO3) ;~NH,NO4 3~Hy .
1. NH4NO3. :
2. 2NH,NO,.UO, (NO,),.2H,0. i
3. U0, (NO,),.6H,0. -1.5
1.5 mol/dn> HNO,. 4
£1.1

UO2(NO3)2 / mass %
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate: UOZ(N03)2:
[15905-86-9] Christensen, H.Th.; Holmberg, K.E.

(2) Cesium nitrate; CSNO3; Nukleonik, 1968, 11, 165 - 170.
[7789~18-6]

(3) Nitric acid; HNO,; [7697-37-2)

(4) Water:; H207 {7732-18-5]

VARTIABLES: PREPARED BY:

Composition at 298 K A. Sozanski; S. Siekierski

EXPERIMENTAL VALUES:

o
The Uoz(NOS)2 CsNo3 - HNO3 H20 System at 25°C
Composition of Saturated Solutions®
Uo. (NO.,) CsNO HNO solid
2 3’2 3 3 Phaseb
mol % mol/kg mol % mol/kg mol % mol/kg
1.682 1.018 0.445 0.269 6.14 3.72 A+B
1.113 0.6837 0.483 0.297 8.04 4.94 A+B
0.577 0.363 0.539 0.339 10.70 6.735 A+B
0.227 0.152 0.752 0.503 16.06 10.75 A+B
0.201 0.138 0.874 0.602 18.27 12.57 A+B
0.192 0.136 0.744 0.527 20.70 14.66 A+B

8Molalities calculated by the compilers.

b

Solid phases: A = UOZ(N03)2.6H20, B = CsNo3.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The isothermal method was used.

A 20 mL portion of the solution being
investigated was placed in an ultra-
cryostat with stirring and cooled.
After 2 to 3 hours, crystals were
separated by centrifugation ( 4 min,
2000 g). Nitric acid and uranium
were measured by potentiometric
titration (1,2), cesium by polaro-
graphic analysis, after separation
of uranium by anion exchange resin.

SOURCE AND PURITY OF MATERIALS:

"AR" UO,(NO,),.6H,0, CSNO,, HNO,.

Water was purified on ion exchange
resins, and twice distilled from
quartz.

ESTIMATED ERROR:
Solubility: Nothing specified.

Temperature: Precision +0.02 to
0.04 K.

REFERENCES:
1. Ahrland, S.

Acta Chem. Scand., 1960, 14,
2035.

2. Motojima, K.; Izawa, K.

Anal. Chem., 1964, 36, 733.




104

COMPONENTS:
(1) Uranyl nitrate:; UOZ(NO3)2:
[15905~86-9]

(2) Magnesium nitrate; Mg(N03)2 H
[10377-60~3]

ORIGINAL MEASUREMENTS:

Kurnakova, A. G.; Nikolaev, A. V.

Zh. Neorg. Khim., 1958, 3, 1028 -
1036.

Russ. J. Inorg. Chem., 1958, 3,

(3) Nitric acid: HNO3: {7697-37-2) 298. (Eng. trans.)
(4) Water:; Hzo’ {7732-18-5]
VARIABLES: PREPARED BY:
Composition at 298 K L. Fuks; S. Siekierski
EXPERIMENTAL VALUES:
The U02(N03)2 - Mg(N03)2 - HN03 - HZO System at 25°C

Composition of Saturated solutions®

Density Mg(NO,,) Uo., (NO,) Solid
3 3’2 2 32 Phaseb
g/cm mass % mass %
1.409 38.94 ——— A
1.415 35.74 4.18 A
1.448 34.34 8.21 A
1.485 33.00 12.12 A
1.527 30.19 16.07 A
1.543 29.88 17.73 A
1.547 29.20 17.91 A
1.549 29.31 18.25 A+B
1.548 28.67 18.29 B
1.548 27.38 18.37 B
1.536 26.71 18.85 B
1.532 25.26 19.49 B
1.538 22.39 21.39 B
1.538 22,20 21.85 B
1.533 20.98 23.14 B
1.535 19.46 23.90 B
1.555 17.02 26.27 B
1.560 16.24 27.69 B
1.563 13.91 29.41 B
1.578 11.52 31.96 B
1.618 7.01 38.09 B
1.657 3.56 41.60 B
a 1.684 e 48.79 B
Nitric acid concentration, 1.S5N.
b . A=
Solid phases: A = Mg(N03)2.6H20, B = UOZ(N03)2.6H20.

AUXILIARY INFORMATION: Nothing specified.

Solubility and specific gravjty
of saturated solutions at 25°C
of the system:

Mg(NO3)2~U02(N03)2-HN03—H 0

2

1.5 mol/dm3 HNoa.

Mg(NO3),/mass %

sp grav
40 11.7
20 11.5

UOZ(N 03)2/mass %
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Uranyl nitrate; Uoz(N03)2; Kurnakova, A. G.; Nikolaev, A. V.
[15905~86-9]

(2) calcium nitrate; Ca(No3)2,~ Zh. Neorg. Khim., 1958, 3, 1028 -

[10124-37=5] 1036.
(3) Nitric acid; HNOB; [7697=37~2] Russ. J. Inorg. Chem., 1958, 3,
298. (Eng. trans.)

(4) Water: H207 [{7732-18-5]

VARIABLES: PREPARED BY:

Composition at 298 K L. Fuks; S. Siekierski

EXPERIMENTAL VALUES:

o8
The UOZ(NOZS)Z Ca(N03)2 HNO3 Hzo System at 257°C
Composition of Saturated SolutionsP
Density Ca(N03)2 U02(N03)2 gglidc
3 ase
g/cm mass % mol/kg mass % mol/kg
1.508 48.72 2.97 - —— A
1.551 45.36 2.76 5.93 0.15 A
1.582 41.68 2.54 10.18 0.26 A
1.590 40.80 2.49 10.35 0.27 A
1.604 40,08 2.44 10.69 0.27 A