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ABSTRACT

Reactions of hexavalent uranium_compounds in alkeline solutions
have been studied. Titratione of UV! solutions with base have been
carried out and curves of pH vs,; equivalents of base have besn ob-
tained. Back titrations with acid yield curves different from those
obtained in the forward titration. Supersaturation is conspicuous,
Sodium bicarbonate (0,05 ) and sodium carbonate (0,20 M) are suf-
ficiently strong comelexing agents to hold in solution at 90° at
least 2 g/liter of UYL,

The solubilities of UX in NaOH, NeyCOs, and NaHCOy solutions
at room temperature were determined by shaking UO; with solutions of
varying composition. The solubility of UVI in 0,05 M NaOH iz 3 mg/
liter and in 12 M NaOH increases to 40 mg/liter. The solubility of
U¥I in NepCOg increasss slowly with increasing NeyCOz concentration,
from 2.8 g/liter at 0,05 M NapCO3 to 3.7 g/liter at 0,40 M NayCOs,
The solubility of UVl 4in NaHCOg solution is almost linear with in-
creasing NaHCO; concentration; the concentration of Vi (gramcatcms/
liter) is approximately 0.45 the total NaBCO, concentration. The ion
UOZ(OH)Q03=’ has been postulated to explain tﬁi's relationship.

A compound of the stoichiometric composition Nagvzoap.ha,a‘ been

| prepared by igniting NaUOpAsg under special conditions. This eom-

pound proved to be very slightly soluble in Naglug solution and is
apparently not the same phase as that which is in equilibrium after -
U0z has been shaken with NepCOz solutionms, .



This report presents the results of a study of a portion of an
important but neglected field in Project chemistry == that of hexa-
valent uranium (UVI) in aqueous soiutions of pH greater than 2, The
fact that pitchblende becomes soluble in water after being roasted
with sodi?m ?asbonate has been known and utilized commercially for over
a century ) o but the nature of the complexes is unknown and the com-
positions reported in published literature of the eolids in equilibrium
with the saturated liquids are quite inconsistent.

. 1. Preliminary Qualitative Observations

1,1 Visible Indications of Reactions, Solutions of U'! salts
of strong aclds give yellow, dense, hydrated precipitates when made al-
kaline, The precipitate becomes colloidal around pH 7 or when, washed
but the sol is rapidly precipitated by slectrolytes. If a complexing
agent such as CO35 or HCOz- is not present, the precipitate does not
redissolve on adding an excess of base. The pH at which precipitation
is first observed varies with rate of addition of base, concentration of
uranium, agltation, and temperature; if the alkall is added slowly to a
hot, dilute, well stirred aoclution, preoipitation begins usually at
pH 4. 1.

A rise in pH deepens the color of a VI solution. This change
was very pronounced at pH 3 for 0.02 M UNH solution, considerably bslow
the pH of visible preoipitation. It is therefore concluded that there
is another dissolved comporent besides UO,°® whose concentration 18 in-
creased with increasing OH™ concentration until the point of precipita-
ti one

The following hydrolysia reactions are possibilitiess
UOz®? 4 OH" & UO,OH”
200, & 20H° 2 Up0g®® ¢ HpO
Both of these reactions are considsred by Best, Taub, and Longa-
worth( ) As a result of their work, they concluded that the second re=
action fita the deta mors satisfactorilyo Yore detailed analysis of

the solu?le hydrolysis stages are presentsed by L. 8. Goldring in Report
MonC-106 12)0 _



The s0lid that first separates on nsutralization of a uranium
solution is a yellow, slightly impure U0z hydrate which on standing-
incorporates an appreciable amount of cation =Na®, NH,;"" k%= from the
so lution and becomes more orange in color,.

1.2 Titration Curves of UVI Solutions. In general pH curves
of the neutralization of a cation solution give valuable indications
of the ions involved and the mechanisr{\ 3{ §he neutralization reactlon.
In agreemsnt with other experime ntersi® it is found that in the
case of UVI a plot of pH vs. equivalents of base added is extremely
difficult to interpret. The following facts are observed (as indicated
in Figs. 1=3):

(1) No inflections of the curve occur at stoichiometric equi-
valence points.

(2) A back titration curve does not follow exactly the original
curve because of initial supersaturation and slow dissolving of the pre-
cipitated solid upon back titration so that the solution is at .sess
than saturation concentration.

(3) Addition of a small drop of base causes local precivitation.
This solid disappears on stirring. However, once the pH gets high enough
© 50 that precipitation of a large amount of solid takes place, the pH is
lowered by the vrecipitation process to a lower value than the pH at
which small emounts of s0lid had previously redissolved. This behavior
indioates that the so0lid which redissolves is different from that which
finally precipitates.

(4) The pB decreases markedly after the first precipitation
from ths supersaturated solution ooccurs. For example, in the case shown
graphically in Fig. II, the pH lowered from 6.1 to 4.5,

A major source of experimental difficulties was the Beckmann pH
meter which gave erratic results in the frequently very hot, not air-
conditioned room in which these experiments had to be conducted,

Fig. 1 presents the data obtained from the titratior of 25 ml of
0.1617 M UNH with 0.1725 M NaOH end the back titration with 0,1005 M
1101040 As the solution was nsutralized it becams darker in color; no
' 80lid precipitated until the pH reached 5,14, after 1.19 equivalents of
base had bsen added. A large quantity of solid suddenly precipitated,
lowering the pH rapidly until & minimum value was reached at 4.53. Ths
remainder of the curve is similar to that of the neutralization of a

\
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weak acid. After approximately 2.45 equivalenta of base were added,
the pH had risen to 10.3. The graph of the titration indicates an
asymptote at 2.48 equivalents of base. Sinoe the original uranyl
ni trate may be slightly deficient in nitrtc acid, the true asymptote
is probably 2,50.

The value of 2.50 equinlents of base may possibly be oxplainod
by the following reaction:

v

U0zrr _2:D HeOR 5 1 wagUy05 + 1 ¥at + 5 8,0

If we assume that further resction with base is much slower .
than the above rsaction, the apparent end point of a rapid titration
of & uranyl solution would be at 2.50 equivalents of base and the em-
pirical composition of the solid would be NagUz03jz. This solid could
consist of completely hydrated infinitels UOg chains =~ 0=U(OH)4-0-
U(OH) = with one Na® ion.replacing one H* ion on slternate uranium
uto:nso ‘ ' '

Figure 2 presents the data obtained from the titration of 26 ml
of 0,040 M UNH with 1.988 M NaOH until the first precipitate appeared
and a back titration with 7. 217 M HC104 until the solid is redissolved.
The acid and base used are so much more concentratsd than the UNH
that the volume of the solution is essentially constant throughout
the titration. The back titration curve, as mentioned above, devi-
ates appreciably from the forward curve.

Figure 3 presents the data obtained from the titration of 25 ml
of 0.0202 M UNH with 1.988 NaOH and a back titration with 7.217 M
HCl04. The forward titration ocurve was continued to the point of
turbidity. the back titration curve approximately followed the for=
ward titration curve.

All three graphs represent metastable equilibria from which the
stable equilibria data are not easily obtained,

1,3 Stability of Carbonate Solutions at 70° and 90°C, Pre-
liminary experiments were carried out to _determine roughly the effect
of COz= and HCOs™ on the solubility of V1 in solutions of high pH.
In one set of experiments loosely stoppered Erlemmeyers containing
2.0 g/liter of U'! as UNH and NayCOy or NaHCOg solutions were kept
in a water bath at 70 2 1° for 43 days with dailing shaking. Table I
shows the experimeubal conditions and the observed results, '
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Table. 1.

Results of Preliminary Experiments on Solubility of ﬁVI

in NaHCOs and NepCOz Solutions at 700C .

Initial Initial
WaECOy | Fi2% | Ghservations || Wanco Fizel | Opservations
(moless1) | P moles?i) e
0,040 | 6.5 . no ppt. 0,080 |} 11,2 |Heavy yellow ppt.
- o ~110 of total TYL
0,200 "} 6.9 no ppt. 0,100 11.2 no ppte
0:140 | 7.0 no ppt.e 0,139 | 11.3 _no ppt.-
0,200 | 7.3 10 ppto | 0.199 1 11,3 no ppt,.

. In enother set of experiments similar mixtures in bottles soourely
fastened with rubber stoppers were kept on a steam bath (solutions at

~900) for 20 days with daily shaking.
these exporiments,

Table II.

Tabls I1I shows the resultq of

Results of Preliminary Experiments on Solubillty of UVI

in NaHCO:Land NaoCOsz Solutions at 900C

Initial Initial
NaHCO Final Observations {! NasCOz Final Observations
(molea?i) pH (m0188/1) pH
O 040 651 no ppte 0,080 11,1 | Hea yeilcw ppt
: ~1/3 of total UVI
0,100 6,7 no ppt. 0,100 11.2 | ppt, after several
' - days
0. 140 6.9 no ppt. 0,139 11,3 | sl.ppt af'ter sevw
' _ o eral days
0,200 7.1 no ppto 00199 " 11.3° no ppto

Khile the effect on the solubility of V1 due to the presence of
Ha” and NOz™ ions is unknown, these sxperiments indicate that in order
to hold ~2 g/ﬁ of UVI in solution at these temperatures, 0.2 ¥ WapCOs
or 0.05 M NaHCOz 1s necessaryo




2. Preparation of Solids for Use as Initial Reactants

2.1 Preparation of UOzo 003 seeuned the most sultable compound
of definite composition with w &gh to begin phase studies, Follow-
ing the method of C. A, Kraus* U0y was preoipitated from a werm
0.4 M solution of Mallinckrodt UNH by the addition of 3%. Hy03. The
precipitate was washed well and ignited at 3000 for 8 hours to an
orange solid. Kraus olaimed that the solid prepared in this ma.nnet,l)
analyzed as 99.97% UOgo, This olaim has been shown by R. leininger
to be ipgorrect, Our product when dissolved in HpS0, does not react
with CelV, This at first appsared to establish that no psroxide er
UIV was present. Gasecmetric analysis by R. Leininger showed that
our oxide was actually UOg the exact composition varying slightly
with eaoh preparation. Thgs did not affect this work since ths oxide
evolves the excsss oxygen on oontact with water and the resulting
solid is a yellow, hydrated UOg gg.

UO3 prepared in this way is quite reactive®™® and was used in most
of the present work, The disadventage of using this compound is its
reaction with agueous solutions of NaOH, NaHCO3, and NepCOz, absorb=
ing Na ion and liberating acid, thus lowering the pH of the solution.

2,2 Preparation of Sodium Diuranate, NagUsOq. A solid which \
-would be closer to the equllibrium composition cf the saturating solid
would change the pH of the solution much less than does UOg. A re-
aotive sodium diursnate therefore might be a superior starting material
for phase studies, '

) Sodium diuranate is mentioned extensively in the literature on
uranium but there is a scarcity of analytical data to show that it is
actually RagUz09. Attempts to prepare NapUs0q by precipitation from
2ugous solution have always produced solids of varying composi-

tion For this roason a dff r nt approach was investigated. Fol-
lowing a suggestion of Von Unruh{9) efforts were made to precipitate

. Na2U207 with Na mstal from a dried aoln of uranyl nitrate in ether. In
ons experiment excess sodium was added to 2 & lutec uranyl nitrats solns

* cf, alao Longsworth(3),

##* Concentrated NaOH solution converts the yellow UOz immediately to
an orange, sodium containing solid.



and the solid was washed with water to remove the sodium. The ig-
nited solids analyzed 1.36% end 2.54% sodium., Sodium diuranate con-
tains 7.24% Na., In another experiment a smsll amount of sodium was
added to two concentrated solutions of UNH in ether and the solid
was washed with ether to remove the excess UNH, These solids when
ignited enalyzed 8.90% and 9.22% sodium. It is clear that this

" method carried out as described does not produce the desired
reau'lto .

Another non-aqueous preparation might be the 1gnition of a com=
pound ocontaining eodium and uranium in the seme ratio ‘as sodium di-
uranate=sodium uranyl acetate for example, By ignition of NaUOgAcg

it was found possible to prepars a compound contalining no acetate
in which the mole ratio of Na to U was 1l:1. The composition of this
compcund must therefore be expressed by the empirical formuls
N&zUzOr,a '

Sodium urenyl acetate is best propared(10) by precipitation of
8 UNH solution with s solution strong enough in NaNOz; so that the
filtrate will be 2.5 M in Na®, 0,2 M in NaAo and 0.2 M in HAc,. A
large excess of sodium ion but not of acetate, ion is required be-
cause in solution the salt exists largely as Na® and UOpAosz”™ 10ns(2 1)o
The mrecipitated salt must be washed with a solution similar to the
mother liquor because a more dilute solution will wash sodium aceta'be
selectively from the precipitate.

In the procedure developed in this laboratory, the conversion

of HaUOgAcg to Nazﬂzo,, tekss place in two step s ~- a short violemt
combustion and a long gradual ignition at 376°. The procedure is as
follows, The dry double salt (~#5 g) is wrapped in an eighty mesh
platimum gause and placed in a glass combustion tube under a slight
stream of oxygen. On raising the temperature a slight darkening of
the solid from the yellow color of NalOpAcg to the orangs of NayUyOn
is observed over the range 2259=2509C. The flow of oxygem is in-
oreased at this point to prevent reduction of the U1, At & temper-
ature between 250° and 2750 there is a burst of yellow flame followed
by a red glow throughout the mass. In a few ssconds the temperasture
of the solid rises to 1000° as measured by & thsrmocouple immersed
in the solid. The tamperature drops after about twenty seconds and

at the end of a minute the tempesrature is down to 350 Visible re-
action is over and an orange solid remains.
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The great initiel rise in temperature is due to the heats of
oombustion of the mixture of gases svolved, These gases may be
acetylene, ethylene, methans, carbon monoxide, and hydrogen. The
hexavalent product in this case is in strong contrast to the re-
duced products of the heating of uranyl acetate.

The orange solid contains no recuced uranium, gives the oca-
codyl test for acetate and does not analyze as NapUpOg. After
ignition for one week st 375° the solid is still unreduced but no
longer gives a test for acetate and anulyzes exactly for Na,U,Oq.
‘Samples were teken at intervals in the week and their analyses show
clearly that a slow rsaction was teking place. These results are
tabulated in Table III, und plotted in Fig. 4.

Table 111,

Decomposition of NalUOodcz at 375°

mol % U fraction
- decomposed to
Time y AR 1] % Ne ~mol & Wi Nazgzov
t 20| 50.2 (cale)|4.85 (calc) (1) 0,000
t=21lm| 55,7 50,50 0,99 0.30
16h woe . {6,656 e 0.78
43h @as: 16:94 sws 0,91
71h oo 7:13 oo 0.96
143h | final prod.
T4 .4 7,24 0,99 1400
NagUpO7 | 75,0 (cale)|7.2¢ (cals) (1) 1,00

The final preduct di ssolves readily in acids, and is quite

hygrosonpioc,

tigated (up to 0.05 If BapCOg) is very low.

Its ra» of solutior in the NapCOz solutions inves-

The overall equetioa for the decomposition reaction 1ss

2 NaUOzAoy ¢ 120; . NagUz07-4 12C0p ¢ 9Hy0 -
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Calculations of the rate comstants based on the Na analyses of
intermediate products lead to values which make it impossible to
decide betwesn.a first or second order mechaniam for the rate
dotermining step.

3, Solubility of UV {n NaOH, NapCOx,
 and NaHCOy Solutions o

3,1 Analytical Methods, ‘

8olol Analysis of the Liquid Phases, - Two to six weeks of
constant shaking on & 1/6 H.P. lnternational Bottle Shaker pre=
ceded the withdrawal of a sample of the solid and liquid for final
enalysis. In the case of the NegCOz solutions solubilities after
8ix weeks differed by leses than 5% from the solubilities after twe
days. These values in turn differed by ~~ 25 from the solubilities
after one day's shaking. ‘ . :

The bottles were shaken in the summer months in a room in which
the temperaturs varied betwesn 20 and 35°C. Prior to taking the
_ final samples, all solutions were kept for several days in a room
at 2¢ & 1.

fle conolude that if a constant temperature bath were used, the
entire system might possibly come to equilibrium in a maximum of
one week. Approeching equilibrium ‘ - from the supersatur-
ated side would test this. conclusion, This could be accomplished
by adding Hy0p which dissolves U0z easily but rapidly decomposes
at pH >7,-- . '

Varietions in the solubility greater than the analytical
error (~1%) may be due to temperature varistions and the diffi-
culty of separating the liquid and solid phases. Very fine sus-
pensions tended to form in solutions of pH «10, i.0,, 0.06 M or
less in Naﬂcos and 0.03 M or less in NayCO3. These suspended solids
could neither be filtered nor centrifuged in an International Cen= .
trifuge running at 2000 R.P.M. Later it was found that a sharper
separation of phases could be obtained by using a Sharples Super-
centrifuge rotating at 50,000 R.PoM. One particular mixture, UOg

and 0,05 M NaHCOz contained a suspended solid which made the liquid
opalescent and almost opaque. This solid resisted all efforts at
filtering or centrifuging, and had not settled after three months
standing.
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It was found thet if semples taken from the very dilute A
solutions (gammas/ml) were not acidified immediately, adsorptiom
of uranium on the surface of the glass containsr was suffiocient to
change the analysis by an appreciable fraction., Soft glass is a
worse offender than Pyrex in this respect. These very dilute solu-
tions were analyzed by the colorimetric thiooyanate complex method.

30102 Analysis of the Solid Phases. Ths solid phasesof the
alknline UVI systems are in all cases yellow or orange-yellow, hy-
drous, and amorphouss. Under the polarising microscope they
shcwed no anisotropy and appeared to consist of small particlea of
highly irregular shapeo

_ Initially the assumption was made that the solids would not
change in composition on moderate washing with water. The bulk of
the solid was centrifuged from the bulk of the liquid, then washed
carafully twice with 20 ml portions of water per gram of solid.

The washing was followed by alcohol and ether rinses. The solid
was put under vacuum to remove ether, weighed, dried at 1100C for
6=12 hours, weighed, dried at 350°C for 3 hours and reweighed. ,
Heatings at 350°C were continuad until constant weight was achieved.
loss in weight was assumed to be due to loss of water and the
ignited solid was assumed to be free of water. These assumptions
are not rigidly true unlees care is taken to protect the solid from
atmospheric moisture because at room temperature it is quite hy-
groscopic, .

The solid was dissolved in dilute HC10; and aliquots were
taken for sodium and urenium m2nalysis. Sodium was determined by
precipitating sodium uranyl acetate and urenium was determined by
reducing with a Jomes reductor and titrating with standard ceric
sulfate. Because of the preliminary nature of the work analyses
were performed rapidly with an error of 0,5-1.0%: No silica was
.present in the solids from the sodium hydroxide and sodium bicar-
bonate solutions; the sildca residue was never greater
than 0.1% of the weight of the ignited solids from the sodium car-
bonate solutions.

Contrary to expeotation the solid phases in the systems being
atudied are rapidly decomposed by water, This lability is shown in
the following expsriment which was carried out after the bulk of
the data on solid phases had been obtainedo



Four 250 ml bottles containing 260 ml of 0.289 M NagCOg and
2,0 g of U0z were shaken for 36 days. One solid was analyzed by
filtration and direct ignition without washing. Ths other three
were washed with one, two, and three 20 ml portions of water, re-
spectively, followed by alcohol and ether rinses, before ignition.
Table IV shows the rapid ohange in camposition of the solid.

TABLE IV.

Composition of a Washed Solid Phase from
a 0.3 M NapCOg Mother Liguor.

No. of times washed  ° 0 1 2 3

Grams UY/liter of soln. 2,88 | 2.87 2.90 | 2.84

% Hp0 (loss of weight from 9,056 9,08 | 9.14
25° to 3509) :

% Na (dry weight) 8.76 7.09 6.58 5.90

These results indicate that analyses of washed golids do not
give the composition of the 80lid in equilibrium with the solutions.

A promising method of determining the true composition of the
8olid phase is the Sohreinemaker's wet residue method. Analysis
of different wet solids and their saturated solutions enables the
solid oomposition to be obtained graphically in three, as well as
four, component systems, The water content of the equilibrium solid
rhase ocould be determined by tracer methods. If an active material
which would not coprecipitate with the solid were added to the
solution before centrifugation, the amount of occluded mother liquor
“could be calculated by analysis of ths fraction of activity associ-
ated with the wet solid phase: An experiment with radiocactive I”
in typical carbonate solutions indicated that this was not a suitable
tracer because & high fraction of the activity was found iu the
golid phase together with only a small amount of oocluded mother
liquor. '
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3,2 Solubility of U'! in NaOH Solutionms. U0z, prepared as
described previously, was shalken at room temperature for 13 days
with NaOH solutions of different concentrations in hard rubber
bottles. The NaOH solutions had boen prepared by diluting a
freshly centrifuged concentrated C.P., NaOH solution with boiled
distilled water,

Some of the solids were washed twice with water and others
four times before ignition. The difference in analyses for the
two cases is marked. Tavle V presents the analyses of the solid
and liquid phases of the UOz=Raz0-H,0 system.

Table v° .

Analyses of Liquid and Washed Solid Phases

liquid Phase . T B50lid Phase '
Co NQO Wtc Of % Hzo % U ﬂa N?/i’ %Uos%
NeOH 'U%h of | Ignited| wet |dry |dry | % | #an0
(moles/1) ® | wash- Solid | basis |msis | basis|patio] dry .
' ings |- ‘ A beasis |
0,0513 3.6 2 -5779 5.T4 ] 77,3 | 5,22 | .70 |100.2
0,103 .9 2 1,2397 4,70 == @ § Soe S
0,205 ¢ 4 3898 4,07 | 75.5 { 6,00} .69 | 98.8
0,308 16 2 54134 4,09 | 75,5 | 5262 | .76 | 98.5
0.513 25 2 26127 3,98 | 75.5 |.5.86 | .80 | 99,0
1003 34 4 , 02817 4051 7604 5:12 069 1 9901
2,56 35 4 -2 586 4,03 | 74.9 | 5.61 | 78 97,9
5,13 34 2 -B641 3,28 | 74.6 | 8,20 1,09 |101.0
11.2 63 0. |} .5760 | assumed 64,9]16.,56%2.65 |100,
- to be 8 ,

& Corrected for mother liquor occluded.. Total loss in weight on
ignition at 350° wes assumed to be mother liquor. This gives a
lower limit to the Na-U ratio since a 8light over-correction was
applied to the Na analysis.

The analyses of these solids were made prior to the discovery
that the solid phase is radically altered by washing. However, the
following qualitative conclusions may still bs valids

1) the concentration of Na® in the solid phase increases as the
concentration of Nat increases in the liquid phase.




2) the smoothness with which the compositions vary indicates that
no stoichiometric compounds are formed but rather homogeneous
solid solutions of Nag0 in the UOg lattice exist over a wide
rahge and

3) H0 tends to replacs the NagO in the lattice. This is indice=
ted by the fact that ths Hy0 content of the wet solid falls off
with increasing Na* concentration of the solution,

3.3 Solubility of UVI in NapCOs: Solutions. Two grams of UOg,
prepared a® desoribed previously, and 200 ml of solutions of C.P.

NapCO3 of varying concentration were shaken in stoppered Erlenmeyers
at room temperature (20-300). Periodically samples were withdrawn
for the detormination of pH and UVI concentration. The values of pH
and U'* concentration at different times of shaking are shown in

- Table VI, Fig. 5 is a graph of the variation of UVI comocentration
with NasCO3 concentration,

The variatiou in pH of the solutions can be explained by two
rea.ctionm

(1) Hp0 ¢ 2U05 &2 HNa* 42 ¢0 = uazuzo.,'f 2 HCO,"

(]

(2) Hy0 4 UOg & xCOg3 = UO0n(COg)g 272X 3 2 OH”
—= (postu Oiated)

In the dilute solutions reaction (1) predominates snd the pH
deoreases, In the more concentrated solutions (more than 1/3 of
the urenium dissolved) reaction (2) predominates and the nH in-
creases. Inacouracies in the pH meter make possible only these
qualitative conclusions, ‘

Differences in solubility of solids sheken one week amd those
shaken six weeks were only 2-5% except in the di lute carbonate solu=
tions which formed colloldaal SUBPENsSLONS o

The solids were washed twice with water and then with alcohol -
end ather before ignition at 300° for 3 hours. Loss in welght was
taken as the total water present. Ths ignited solid was dissolved in
dilute HC104 and aliquots analyzed for Na and UVI, Table VII presents
the results of these enalyses. '
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Anglyses of the liquid Phase =- Initial System UOz=Na,CO4-H,0.

-

bo 434 shaking followed by 80d standing

Nego% | o [0.0120 | 0.0260 | 0.0500 | 0.0600 | 0.0800| 0.0880 | 0,100 | 0,250 | 0.200 | 0.300 | 0,400

PH £50 | === [10.99 |11.09 |11.20 | 11.22 | 11.22 | 11,22 | 12,24 [12.22 | 12,20 | 12.28 | 12.2e

14 | 6,70 | 8.20 9,90 | 10,98 | 10.99 | 11.13 | 1118 | 11029 |11.18 | 11057 [11.56 | ===
20 | 6,65 | 8.12 | 9.72 |20.7a1]120.87 | 1206 | 13,08 | 11005 | woe | wee | oee [ aeo
e | e.60 | s.62 | 9,88 |10.88: | 20,57 | 12,21 | 23.27 |21.34 |12.68 {12062 {1162 |21.99
434 | 7.85 | 7.77 | s.84 |11.20 |10.82 | 10.95 | 20.96 | 10,88 [11.26 [11.46 [12.48 |11.75
1234° | 6,40 | |

standing

8215"1/1 . - nu |

t21d | 0,077| 0,283% 0.898% 1.59 | 1.81 | 1.85 | 2,05 | 2,26 | we= | cme | ob= | oe=
24 | 0,23 | 2,028 | 2,17% | 2.86 | 2.44 | 2.66 | 2:.64 | 2.70 | 2.83 | 2.96 | 3.21 | ===
64 | 0.066| 1.652 [ 2.40% | 2,16 | 2.25 | 2.46 | 2.57 | 2.61 | 2.7 | 2.86 | 3,12 | .46
a3a | 0,084 1.27% | 2,928 | 2,25 | 2.27 | 2.48 | 2.62 | 2.82 | 2.87 | 8.07 | 3,18 | 3.72
1234 P | 0,052 '

standing

& Cloudy, oolloidal suspensions leading to high results for UV content in solutions.

= 91
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Teble VII

Analyses of the Washed Solid Phase == Initial System UOg-NagCOg=HpO

NanC Wt. of ig- # Ho0 v % ¥a nol % Na % U0g & -
mols nited solid | wat basis | dry basis | dry |==% % Nag0
liter sample UOz- ' \ basis _
0,000 - 25778 10.84 . B4.2. | © 0 - 101.2
0,012 1.0652 ase 78.8 2,39 3,18 96,8
0,050 1.3916 one 76.6 6.19] 1.43 97.8
0,080 1,3865 4.84 72.9 5,50 1,28 95.0
0,100 1.4320 5,78 4.7 5,88 1,22 97.6
0,200 1.2367 coe 68,7 5,90 1,13 © 90.4
00400 102965 e 6507 6050 i '098 8705

. The last two solids sffervesced when acidified and the difference
between their snalyses and 100% is largely due to COs content. It is
again clear that thess analyses are not representative of the original
solids but the conclusions drewn from ths analyses of the washed solids
in contact with NaOR solutions are also applicable hers.

v In another seriss of experiments, NapUsOq, prepared as desoribed
previously, was used as the starting solid in order that the composition
of the solid phase bs changed a8 little as possible during the experi-
ment. Two grams of NapUp0y and 200 ml of solutions of C.P. NayCOz of
varying concentration were shaken in glass stoppered Erlemmeyers at room
temperature (20-30°) for 20 deys. Table VIII presemts the solubility of
the NagU0q and the pH change of these solutions.

Table VIII

s,olub:n‘t_% of Ne,U,0, in Na,CO Soluti ons
» tial System azUa§7°ﬁaz§§§=§?5‘

Na,CO - UVl conc. after 20 ' o e
mols 1129r daya shakin§&43§[i original pH | pH at % 5 20 days
- 0,000 0,030 6.60 . 677

0.0116 0,038 10.89 9,73

0,0270 : 0,028 11,06 10.24

0.0401 0.033 11.06 ' 10,46

0,050} .. 0,028 A 11,07 . 10,23




-

The appreciable change in pHE of the solution, the very low solu-
pility of the compound, and the fact that solubility is independent of
Na,C0, concentration cannot at present be reconociled with the data of
Table VI for similar equilibrations of UOg in NapCCg solutions. It ie
possible that the NayUy0q preparation had becoms inert by heating end
‘that the concentrations represented by the data of Table VIII are very
far from equilibrium.

5,4 Solubility of U0, in NaHCO, Solutions. Varying amounts of
UOgz, prepared as described previously, were shaken in glass stoppered
. Br enmeyara with C.P, NaHCOz solutions of varying concentrations at
room temperature (20-30°). Periodicallg semples of the solution were
withdrawn for determination of pH and U'“~ concentration. Finally the
flasks were placed in a room held at 24%1°C; after standing for 20 days
with o¢casional shaking, final samples were taken. Table IX presents
the values of pH and solubility as they varied with time., PFig. 6
shows graphically the variation of solubility of U with NalCOz con= '
“centration.

The solubility of UV in NaHCOg is almost linesr with HCOg™ cone
oentration. The uranium concentration (gram atoms/liter) is about 0.45
times the total NalCOg concentration but at the same time the pH change
of the solutions is relatively small, i.e,, ~1 pH unit, The following
equation is proposed to explain the observed facts: '

UOs © HCOg™ = UO,0HCO4~

Other possible equations predict a non-linear relation of vl
solubliity to NaHCOg congentration.or involve the production of OH”
or H* sufficient to have changed the pH to a graater oxtent than was
obserwved,
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FIG. 6. SOLUBILITY OF UYIN SODIUM BICARBONATE AT ROOM TEMPERZATURE



Table IX,

Solubility of UVY in NaHCO, Solutions

m§;§§§ ton " | 0,0200 | 0.0500 | 040400 | 0.0500 | 0.0600 | 040800 | 0,000 -| 0,200 | 0,180 | 0,200 04500 | 0,407
grems _
solid Ulg 2 2 2 2 2 2 2 2 3 3 3 4
pH ¢ 8 0 8,92 | 9,02 | 8,88 | 8.78 | 8.78 | 8.70 | 8.85 | 8.66 | 8.64 | 8.54 | 8.49 | 8,43
t = 154 - < - = 8,07 | 8.24 | 8,13 7.78 | 7.68 | 7.46 | '7.75 | 7.64
t = 314 8.24 | 7.97 | 7,60 | 7.2¢4 | 7.65 | 7.82 | 778 | 7.1 | 7.e8 | 7.80 | %.79| 72
1214% | | ‘ o
10" concentratior
grems /11 ter ) [ 0 P o oL o / /e,
at t = 16 0,75 [ 4086 [ 5.8 | 5,38 [ sues | 7.20 7.65 | 10.80 |17.26 | 20,25 | 46,25 | -
tizzsi 0,65 |6.64 | 2,80 | 2064 | 6,79 | 6,39 | 7.77 | 9,76 [16.28 | 21,62 | 4742 | -
214 |

a. 31d shaking followed by 90d standing.

=3 6'[,::
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