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Abstract

[ . .

\ Determinations ‘have been made of the solubility of sodium

| ‘uranyl tricarbonate” in water ‘and in solutions’ of sodium carbonate,

; , sodium sulfate, sodium chloride and sodium perchlorate. The

\ » Asolubility is presented in its relation to the: molarity of the
: E co-solute and the- solubility produot is presented in its relation

“to the total ionio streng‘bh. The data are also .considered as to

|
I

their ‘bearing on: plant processes such as those employed in the
carnotite mill at Monticello, Uhah.
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N THE SOLUBILITY OF SODIUM URANYL TRIGARBONATE IN

SOLUTIONS OF CERTAIN SODIUM SALTS

~ INTRODUCTION AND SUMMARY

The solubility of sodium uranyl tricarboneterin solutions. of sodium

~ carbonate and sodium bicarbonate has been determined by workers at

” Princeton Unlversity 1 Some additional measurements have - ‘been made in

these systems and the stud:es have been extended to -include solutions of
sodium chloride sodium sulfate sodium perchlorate and mixbtures. \
Exoellent correlation with the Princeton results has been obtainedo

In examining'the cOmposited data,1t4msy be noted that the solubility
of the tricarbonate is nearly the same in solutions of each co-golute at
the same molarity - regardless of whether the cowsolute is a dl- or

mono-sodium salt. Obviously this is not the relationship expected ‘from

o il

'application of the. mass action law, without correction fbr activity

coefficients. At loast a partial explanation of- the data is given,

“however, from consideration of the solubility product as determined for

i

each experiment in conjunction‘with the 1onic strength, A plot of ~the
logarithn of the -80lubility product versus the square root of the ionic‘
strength 1s expressed approximately by a straight line according to the 2
ronowing oquetilons . : o | |
log s.P.-‘ - 1,25 W‘ -2.2 'femﬁ; - 26-30%""""' N
The uniformity and generality of the variation of solubility with

molarity of the co-solutes suggest & use for the data in predicting the

s




limiting concentrations of uranium that may be attained in plants using

a sodium carbona te leaoh. Recon31derat10n of previous data on the build— .

up of uranium in the salt roast,ysodium carbonate leach process at
. Monticello, Utah Shows a reasonable agreement between the measured and

predicted results. It 1s believed that the solubility of sodium uranyl

tricarbonate is & factor~to be con31dered in this plant°

EXPERIMENTAL METHODS

Preparation of Sodium Uranxl Tricarbonate

Sodium uranyl tricarbonate (2NapC03-U02C03 ) has been prepared

2 and later

aocording\to the general prooedure first suggested by Ebelman
used by workers at Princeton New Jersey.1

Sodium diuranate was prepared by preolpitating from uranyl nitrate
‘solution with sodium hydroxide° This precipitate 'Wa.s. washed by repeated
centrifuging and decantation to remove most of the sodium hydroxide, and
was then dissolved ina solution oontaining a slight excess of sodium
lbioarbonate. The ‘solid tricarbonate was obtained by evaporating the

solution to a: low volume while passing carbon dioxide to prevent deoomrv

| position. ‘A reorystallization wa.s carried out for further purification,

The bright yellow sodium uranyl tricarbonate prepared in this manner |

is quite pure. Chemical analyses for sodium, uranium and carbonate give

values very close to the oalculated stoiohiometrio quantities (Table l)

The compound is‘stab o at temperatures as high as. 200°C.3 o .




Table 1

Analyses of Sodium Uranyl Tricarbonate

Theory For o .

Property -2na2003°002005 Batch V . Batch XVI Batch VI
coz(%) : . 33.22 33.4 32:,,9 32.3
Na (%) 16.96 16.5 | 15,8,. 16.3
U(%) ’ 4392 43,0 43,4 42.5
C05/U (Mole Ratio) 3.00  3.07 | 3,00 3.03
Na/U‘(Mole Ratio) - 4,00 | 3.96 4,00 3.98

* Several other batches of‘this“compoundxhave been‘prepared and the analyses
presented are typical for these preparations. The tendency for the analyses

to be somewhat lower than theoretical is accounted for by incomplete drying
of the samples.

Measurement of Solubility

“Measured quantities\of solid sodium uranyl tricarbonate,and the solution
under cons1deration were placed in either pyrex erlenmeyer flasks or plastic
(polyfluorethylene) bottles and all vessels were seared with a rubber stopper.

§
To speed operations a constant temperature bath waS'not used° All~samp1es

were placed in a constant temperature room. and vigorously agitated with an

International bottle shaker. Room temperature was 26 = 2°C.;"-'

In a. number of the first experiments, the times necessary for the

systems to attain equilibrium were measured by sampling periodically until

V

: constant uranium analyses were obtained. It wa.s found that virtual equi-

librium had been reached in a11 cases after two weeks. Further tests were

then run without periodic.sampling, but the time was extended to four weeks

gb¢q*q




as. an added safeguard,’ ihe consistency of the data and the agreement
between like eiperiments suppor+t the conclusion that the systems were at,

or essentially at, equilibriumo

-centrifuging, using a‘tared\centrifuge tube . The'solutions were decanted,
,filtered through fine 81nteredyglass, and analyzed for sodium uranium,
carbonate and whatever anion was contributed by the oo-solute. The density
1@5& pH were alsohusually measured . The wet residues were weighed and the
total qnantities from eacnttest‘were subnitted for the same analytical
treatment as given the solutions° From knoiledge‘of.tne totalkweight

of residue and the total quantities of solid constituents present, a
cornection was made for adhering 561ut10n and the compositlon of the dry
solid-wasvthusvobtained. | |

In each oase‘thersolid had remained unaltered from its original

form. To avoid repetition of identlcal data for the. numerous experiments
throughout the report representatlve e.nalyses of solids from typical
' oxperiments are presented in Table 2. : | | |
. Table 2

Analyses of Solid Phases From Typical Equilibrium Experiments

Analyses of Solids After Correcting For

L L : Adhering Solution
Exp. No.o;f BExp. Type »f' '3 (mg)  Ba (mg) 556§‘T7’ COS/Uiq Ne. /T
\.iés-»f“-;i.ss M Nacm4 L 935 351 . T10 fitfnSQCQ' 3.9
184 7“1 8™ Naclo4:i kf;iosyAi‘, ‘, 494.4x;,{~<§i55 f¢»»j's;os 3.96
- 19¢ 2.0 MANaCIX" 100 dzs | 852 3.07 4.0
420 1.5 M Naéso; s 131 257 3.1 4.15
421 ' 2.0 M NayS04. 480 200 356 2.9 4.3

@odq‘g
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.listed 1n these and subsequent tables are not necessarily representativo

Analyses of Experimental Samples

Most of the analyses were made by the ORNL Analytical Chemistry

" Division, Y=12. . High 1evel uranium samples were handled by reduoing

the uranium and titrating potentiometrically with ferric sulfate solut:‘i.on°
On low level samples the ascorbic acid, colorimetric procedure"was used.

Sodium was determined With the flame photometer and the usual adsorption,

graVimetric method was. used for carbonate.

SOLUBILITY DATA

Bffect of Sodium’ Carbonate and Sodium Bicarbonate (Princeton, 30°C)

The solubility of sodium uranyl tricarbonate in solutions. of sodium

carbonate and sodium bicarbonate hag been measured by workers at Princeton

University‘ For conwenient reference these data are presented in Figure 1.

Although the Princeton measurements wore nmade at 30 C and measurements at

‘ this laboratory have been made at 26°C the results are ot measurably

affectedfso.as to disturb~comparison.m,m

Effect of Sodium Chloride and Sodium Sulfate (26 C)

Data showing the influence of sodium chloride and sodium sulfate on
the solubility of sodium uranyl tricarbonate are tabulated in Tables 3. and: ,

4. Graphical presentations of the solubility versus molarity of the co-

_solutes are given in Figure 2° (Compare Figures 1 and 2) The pH values

H

LN

‘of sclutions of pure. sodium uranyl tricarbonate since some of the- prepa=

L

rations were contaminated by small quantities of excess sodium carbonateo

1
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Table 3

11

Solubility of Sodium Uranyl Tricarbonate in Solutions of Sodium Chloride

, ExR; A

145
192
193

104

195

196
197

198

v

NaCl ~ Solubility . Sclution
M ‘as gms Uz0g/1 - Density

0.0(water) . 77 .4 1.128
vo 21.1 ©1.070
1.5 9.5 1.071
2.0 5,55 o 1.085

2.5 ‘ : 3,26 ' 1.100

Table 4

Solution
pH _

9.25
9.02
8.4

8.58
8.2

8.82
8.40

8.0

g

420

421

422

NagSO4 ., - Solubility -~ - - Solution .
M- - .as gms Uz0g/l "~ Demsity -
- - @ T S

0:0(water) .. 80.0

o0 L are 1a10 T
10 1z 197
2.0 ‘3,;ﬁ~fig‘ 939 . 1,244

©B.0 T s 1,334 0

 ‘ ‘ . l‘. -  @9024 O _‘/)

1.1280

Solubility of Sodium Uranyl Tricarbonate in Solutions of Sodium:Sulfate

&

h . R
ok Solution

9.8

 8.65

B.75
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in Figure '4 in a manner comparable to the foregoing date.
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Effect of Sodium. Perchlorate and Mlxtures of Sodium Chloride and Sodium

- Carbonate’ (26°C) ‘ Y]g_t‘&,_ §

Experimental relults show1ng the 1nf1uence of sodium perchlorate and

RO

sodium chloride, sodium carbonate mixtures are given in Tebles 5 and 6.

Consistent with previous data these results are depicted graphically in

:Figure 3. (Compere‘Figures 1, 2 and 3.)

' lf Effect of Sodium Carbonate *Sodium'Bicarbonate and Sodium Sulfate at
Jingher Temperatures (PrincetonIVGO and 909C).

High temperature tests have not been made as yet at this laborstory.

~Some work from Princetonyuniver31tykis available, however, and since this

informationVis important‘to subsequent discussions, the tests are represente«l

VY a1

Solubility YOrsus: Mblarity of the Co-solute

¢

Close observation of Figures 1, 2 and 3 reveals a remarkable con-=

? 31stency 1n’the'var1ation of sodium uranyl tricarbonate solubility with

changes in molar concentrations of any of. the edded godium salts. The

same effect. 1s noted 1n the Princeton experiments at higher temperatures

(Figure 4), although the information is somewhat limited. To emphalize

this p01nt the results previously presented in Figures 1- 3 have been

comblned in Figure 5 where the solubility has been plotted against the

* molar concentratlon of the co-solute, or mixtures thereof regardless of v
,their 1dent1fication. All points can be represented rather closely by L

. a 31ngle curve. This is not the relationship expected from application

of the mass action law w1thout correction for activity coefflcients,

since different effects wouldxbe required for mono and di-sodium salts.
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Table 5 | Py

'Solubility of Sodium Uranyl Tricarbonate

in Solutions of Sodium Perchlorate

N -
NaCl04 ' “Solubility Solution Solution
X + s gms Uz0g/1 Density pH

\ ¢

0.46 . 40.7. 1.105 8.8
0,90 18.6 1.009 8.7
1.33 9.6 1.117 8.3

P

1.80 . - . 5.85 1,149 8.1

2.25 . T 3.3 1.178 7.5
186 2470 N 1.74 1.208" 7.2
187 -5 51 1100 . 1.230 -

188 . 3.40 - 0.68 1.264 -

Table 6

.%biuﬁility'of deium Ufényl Tricdrbdnate in Mixed Solutions of

Sodium Carbonate and Sodium Chloride i;

o o Na2003 ‘1:13 , 73 .;Na01 “vﬂ' < Solublllty
Exp. A S .___._.R M _;fﬁt;' a8 gms U3°8/1

v-782 . / ‘“;?;3"“ioJ3§{: ;'_ - o}o "»ff_\‘;f 5’«49;1i”

v-785 \‘\ f | “f»'»o;5}?¥fg;7 0.0 o ~3i;$f;;
v-a13 |   .: o.géfa‘i» o 0.32. | 3 so.¥;5 3
v-§i4; . 59:;f§'~‘” | ozefj.i R 0}67, ‘ S "19;6};f
v4315‘37’  'fi;i:?fA.' ,zajl S 1;35 o _}5l13;4

SRS

#

v-816 . o0.28 - 28 2.4
. ) L - ‘) . .

* This tabléaﬁﬁs qupiled ffom_prévioﬁs data in report Y-571 (see References).

| J""¢

T T
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_ A brief d1scuss1on of this po1nt is presented later.
For. pract1ca1 appllcatlon the prlmary value: of the data -arises. from
the uniformity of the emplrlcal relationship between solublllty and molar

concentration of the sodiuﬁ salts° In systems analogous to those studied

- the equ111br1um solublllty of sodium uranyl tricarbonate 'can be closely

predlcted once the total molar concentratlon of sodlum salts is known.

Solub111ty versus Ionic Strength

Although the results presented above are sufflclent for any praotlcal
—appllcetlon to plant proces51ng problems, their somewhat surprising pattern
v vledfto,a further‘analysis of the data inhwhich activity coefficients for

~the various salts in solutlon were cons1deredo o .-

If the solublllty product for sodium uranyl trlcarbonete [ﬁe4002(003) ]

is expressed as followsv~
[N&+j4 [002(003 )3 ]

, ' (1)
i where [x] = molelity

values for S Po can be determ1ned readlly for each experlment from a
y oo

knowledge of the comp031t10n of the soluvlons at equ111br1um These

values, along with the oalculated 1onlc strengths of the correspondlng

solutlons are given 1n.Table 7. The variation of 1og S; P, w1th the

, square‘footkof the ionic strength (Ya ) is deplcted by Flgure 6, T> 7

T

‘serve: all of the experlmental points, th1s varlatlon is best exPressed

S

¥ »’a straight 11ne deflned by the following -equations
. f’:,.-'._ . log; s Po =1, 25‘{ ‘- 2,2 3 (2) :

where tempo = 26—3000

¢ !

Lown-lY




Table 7

The Molal Solpbility Product Versus Ionic Strength*

L 3,24

Exp. A.. Solution Type
145 : Water

419 - 0.3 M NapSO4
420 1.5M "
421 2.0 M "
422 3.oM "

- 192 1.0 M NaCl

193 1.56M "

194 2.0M "

195 2.5 M "

196 30N ™

197 3.44 M "

198 4,0M " !
181 ‘ 0,46 M NaC104 '
182 ; 0.90M "

. 183 1,33 M "
184 1.80M ™
185  2.256M "
186 . 2.70M "
187 . zaiuM "
188 -~ - 3.40M "
Princeton 0.51 M Na2005

" 1,03 -%
S 2.1
Mo

Molal Solubility

Product Log S.P,
0,58 - 0.2369
0.44 - = 0.3569
6.06 ~+°0,7826

15.0 +1.1764
28.3 + 1.4524
0.288 - 0.5415
0.278 - 0,5559
0.483 - 0.3164
0.630 - 0.2011
0.723 - 0.1409
0,651 - 0.1864
0.801 - 09,0957
0,194 - 0.7111

. 0,148 - 0.8300

© 0,220 - 0.6553
0.376 - 0.4245
0.512 - 0,2908
0.622 - 0.2064
0.918 - 0.,0376

-0.780 - 0.0974
2091 ;= 0.04051

T 2.21 C+ 0.3441
8.61 +.0,9355.

=

14.3

1.1556

e
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*‘Y712”§ésts were
rPrinceton tests

%

at Zﬁ?c;iw
were at 30°C.
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Hence remembering that the activity coefficients>for the salts are
strongly dependent upon the ionic strength, the surprising observations
described earlier are qualitatively accounted for. Algo the empirical
relationship given by equation (2) should have a practical use in pre-
dicting the results for other.similar systems.

An extended treatment of the data is hardly justified in tiew,of the
high solublllty of sodium uranyl tricarbonate and the inclusion of &
fourth power term in the expreSS1on for the solubility product. It is
interesting to note however that from equatlon (2) log Ky Po is equal

to -2.2 at infinite dllutlon or Ks P (the act1v1ty solubility product)

is equal %o 0.006. From the solubllity measurements in sodium perchlorate

solutions an 1ndependent calculation has been made according to the method
proposed by Harned and Owen for hlghly soluble salts.4. Using hydrochloric
acid as the reference electrolyte the calculated value for Ks opo is 0,01,
Upon taking Fs,p, = 0006 and substituting 1nto standard equations the

mean ionic activity coefficient for sodium uranyl tricarbonate may be

‘ derived. For a saturated solution of the salt in water the calculated

coefficient is about 0 4‘-- a value somewha t greater than might be -

expected for a 4-1 sodium salt at this concentration°

-

Precipitation of Sodlum Uranyl Tricarbonate

; Only a few tests were made in which solid sodium uranyl tricarbonate
Wwes preclpitated from the solution phase. In one experiment solid sodium

chloride was added to a saturated solution of the" tricarbonate and pre-

K

- cipitation,was initiated by‘gentle Warming, In another case precipitation

;-
'

0O Rm ~
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N

from a saturated solution wis forced by the addition of methyl alcohol.

~

~ Both solids contained sodium;, uranium and carbonate in the correct

proportion for sodium uranyl tricarbonate.

'lft'room temperaturé the precipitation of tricarbonate from solution

byﬁﬁd ﬂxon of sodlum salts ‘takes place very. slowly. Tests are ourrently
underway«in”whlch solid sodlum chloride and sodium carbonate have been
added to saturatéﬁsolutiOns of the tricarbonate. Only a slight precipi-

tate has been'evidenced'after two weeks of standing.

'APPLICATION OF DATA TO THE MONTICELLO PROCESS

For processes in'which‘analogous solutions are encountered, the datea
desoribed herein might be-useful in predictiné the limitingllevels of
urenium concentratlon. -Bxcept for a ratner high‘vanadiumycontent, the
liquors’obtalned.from the salt roast, carbonate'leach process at Monticello,
'Utah fall into this’oategory. Ir one can make a reasonable assumption
1hat‘the presence of vanadium does’ nothing to enhance the solubility of

uran1um, the data should be applicable. IR f;

Actually it is belleved that ev1dence for ‘the effect of sodium uranyl

trlcarbonate solublllty on the Mont1cello process was glven by ‘experiments

conducted sometime ago at th1s laboratoryo In report Y;571 5 tests were

¥

descrlbed in whlch batches of salt roasted carnotlte ore were treated
countercurrently w1th sodlum carbonate solution to determine directly the
maximum build-up of uranium that might be attained 1n the Mont1cello ~

plant. During the course of these treatments, uranlum was prec1pitated

(eo‘-vm’?/y
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as a greenish-yellow compound :which o subsequently dissolved by water.
Chemical analyses of the precipltates showed the presence of sodium,
uranlum and carbonate w1th little, if any, vanadiumov It seems likely
that the material was,sodium uranyl tricarbonate. A reconsideration of
theselerperime;tS'is,now in order to determine whether'the‘solubility

lunits as defined by the foreg01ng date had been exceeded.

In Table 8 the approximate NaCl NapCOz end U308 concentrations are

- given for several leaoh,liquors in which the yellow uranium precipitate

F

.had been observed° Uraniumfconcentrations as predicted from the solu-

bility- studles are given in the rlght hand cclumn. "These values were
, derived by assuming that the con81stency of the relationship between .

molarity of the co-solute and uranium concentrations at 90°C waes compe-

rable to that at 26 C and reading the uranium ooncentration corresponding

to: the appropriate molarity from the plot 1n Figure 40\ The vanadium
contents of the solutions were .1gnored° Also it should be noted that
although ‘the leachings were oonducted at 90 C appreciably cooling may
have occurred during filtrationoi.sodium uranyi tricarbonate has” a\some-

what greater solubility at lower temperatures. r.:ﬁj'

Though no attempt was made at the. time to obtain preoise oompositions

’ of the leach solutions, the agreement between the measured results and
. those predicted is. quite reasonable. -From consideration of this data and

3‘from consideration of the fact that sodium uranyl trioarbonate is the only

water soluble compound likely to be formed in these liquors it~is'believed

“that’ the solubility or sodium uranyl tricarbonate is a factor to be con-

sidered at the anticello plant° , i"' f’*l

- T
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»Téblé-s :

Uranium Bulld-up in Sodium Carbonate Leachlqg

of Salt Roasted Carnotite Ores

‘Leaoh Solns in which a U Ppt.. has Formed

WaCl

Wa,C03

,Tesf;NoQ

: ,“' L-560-569 ‘

L-671-675

. L-711-714
| L-568
- L1-569
L-673

L-675

" {approx. M) ©

1.7

- 0 03

056

0.6
0.6

0.6

0.3

0.3 -

(approx. M)

0.3

Uz0g
@A)

3.6

3.8

1.4

0.8

Predicted Result
U308
(approx. g/1)

3.5

3

<l

<l
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Rate of Sodium Ur;uyi Tricarbonate Precipitation
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DISCUSSION OF DATA

Stability of Solutions

The reproducibility of the’ foregoing solubility results shows that

the water, sodium carbonate and sodium bicarbonate solutions of sodium

r

, uranyl tricarbonate lie in a well defined region of the U0z - Nag0 -
- €0y = Hzo system. This is better demonstrated perhaps by other studies

"in ‘the system which have been desoribed in report Y-675 (part T of the

series)s,, Also from reportlx:svs it may be noted that different and

\

probably erratic solubilities would be expected ‘in solutions - containing

mixtures of sodium hydroxide and sodium carbonate because of. the for-f

mation of complex hydrolysisJProducts. The leaoh’liquors at Monticello

apparently contain mixtures of sodium carbonate and gsodium bicarbonate

since the uranium solubilitiesrpredioted on this besis'are in reasonable

agreement with those measured.

N

It has been mentioned previously that the precipitation of sodium

uranyl trioarbonate from supersaturated solutions is very slow at room

'temperature although 1t may be hastened somewhat by heating. Hence in

1each1ng of ores, considerable time might elapse between the dissolution
’,*he uranium m1neral and ‘the precipitation of the tricarbonate even
though the concentration of sodium salts be so high that the tricarbonate

solubility is exceeded.4 Apparently, equilibrium uas rapidly attained in

the high temperature leaching of the salt-roasted Honticello ores (see

above), but this does not eliminate the possibility that the equilibrium

¢

s

L et

3




26

- solubility limit might be exeeeded in actual plant'practice.

The Uranﬁi Tricarbonate Anion

The existence ofsa:usanyl tricarbonate ionﬂin.solﬁtion has been

| postulated'by several WOrkers;'but‘to our knowledge it has never been
proved. The conformatlon of the measured solubility to a mass action
‘:expresaion based on the tetrasodium uranyl- tricarbonate formula provides
1ndirect evidence for the existence and stability of the tricarbonate
ion U02(003)5 . Direct evidence of the existence of this ion in
analogous systems has been obtained at this- laboratory by color1metr1c
R studies,? which have aise‘shown the existence in somewhat,different
”systems,of~ether com?lex.idns,fe.gb,'a uranyl dicarbonate eomplex and

a mixed complex with,cerbonate ahdbhydroxyl ions.
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