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ABSTRACT 

Reactions of hexavalent uranium oompounds in alkaline solutions 
have been studied., Titrations of UV1 solutions with base have been. 
oarried out and curves of pH V8 0 equivalents of ba$e have been ob­
tained. Back t1trations with aoid yield curves different from those 
obtained in the forward titration., Supersaturation is conspicuouBo 
Sodium bicarbonate (Ou05 M) and sodium carbonate (OQ20 M) aresuf­
floiently strong oom~lexing agents to hold in solution at 900 at 
least 2 g/ll ter of U 10 

The solubilities of UV1 in NaOHo NaZCOSg and RaHCOS solutions 
at room temperature were detonnined by shaking UOo:t With solut~ons of 
varying compositioDb The solubl1i~ of UV1 in 0005 M NaOU 1s :; mg/ 
liter and in 12 M RaOH increases to 40 mg/l1terQ The solubility ot 
UV1 in Na2C~ increases slowly wi th increasing N""2COS concentration" 
from 2 0 3 gfliter at 00 05 M N&2C03 to 30 ? gil iter at 0 0 40 M Na2COZo 
The SOlubility of UVI in RaHCOS solution is almost Unear with in .. 
oreasing NaHCO:; concentration; the conoentration of UV1 (gram~atQms! 
liter) is approximately 0 0 45 the total NaHCO:; conoentrationo The ion 
U02(OH)~03= has been postulated to explain tlii! relationship • 

. A compound of the stoichiometriC compositi on Na2UaO? ha.e been. 
prepared by 19ni ting NaU02Ao3 under speoial oondi tiona 0 This 'GOIJl-'> 

pound proved to be very slightly soluble in 11&21.;03 solution and i8 
apparently not the same phliUilG as that whioh is in equilibrium atter 
uOs has been shaken wi th N"2C~ solutions" 
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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 (UV1 ) in aqueous solutions of Pll greater than 20 The 
fact that pitchblende becomes Bolubla in water after being roasted 
with SOdi~)9~bonate haa been known and utilized oommercially for over 
a centuryll l2}" but the nature of the complexes is unknown and the com" 
positi,ona reported in published Ii terature of the solids in equilibrium 
with the saturatedllquldl are quite inconsistent .. 

1" Preliminary; Qual1tati ve Observati OJ:!! 

101 Visible IndIcations of Reaotionso Solutions of UVl salts 
of strong acids give yellOW" dense. hydrated preoipitates when made al .. · 
kalinG.. The preol pi tate beoomes colloidal around pH 7 or when .. washed 
but the sol 1s rapidly precipitated by eleotrolyteso If a complexlng 
agent such as Cas:; cr HCO,S'''' 1s not present, the preoipi tate does not 
redissolve on adding an excess of basso. The pH at which preCipitation 
is first observed varies with rate of add! tion of baseD concentration ot, 
uranium, agi tatton" and temperature. if the alkali is added slowly to a 
hott> dilute, well stirred 801utlon~ preoipitation begins usually at 
pH 4,,10 

A rise in pH deepens the color of a UVI solution" This .change 
was very pronounoed at pH :5 tor 0002 M UNH 80lutfon, considerably below 
the pH ot visible preoipitation" ·It is therefore conoluded that there 
ia another dissolved oomponent besides UOa-O>o whose conoentration 1s in­
creased with increaSing 011 concentration until the point of prec1pl ta ... 
U~ . 

The fcllowing hydrol~ls reaotions are posaibilities8 

U02~~~ OH= a U020ft9 

2U029~ ~ 20g= § U205~~ + H20 

Both of these reaotions are considered by Best" Taub p and Longs"" 
worth(3) 0 As a result of' their \vork. they concluded that the second re­
action tits the data mora satisfactorilyo More detailed analysis of 
the SOluQle)hydrolysiS steeee are presented by Lo Su Goldring in Report 
MonC-10S(12 0 
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The saUd tha.t f'1 rat separates on neutralization of' a uranium. 
solution is a yellow" sUghtly impure UOa hydrate which on standing· 
incorpora.tes an appreciable amount of oation aNa .... II N14.!!." g+-= from the· 
solution and becomes more orange in color" 

102 Titration C\U"vss of' UVI Solutions." In general pH ourves 
ot the neutralization of a cation solutlon rive valuable indications 
ot the ions involved and the mechanll1}ll(f phs neutralization reaction" 
In agreemant with other experi'll'Sntera\3J(4), it 1-e tound that in the 
case of' UV1 a plot ot pH vs. equivalents of' base added is extremely 
d1f'f'1cult to interpreto The following facta are observed (as indioa.ted 
in Figso 1 ... 3): 

(1) No Intlections of the curve oocur at stoichiometrl c equi­
valence pOints. 

(2) A baok titration curve does not tollow exaotly the original 
ourve beCause of i nltial supersaturation and slow dissolving of the pre .. 
cipitated solid upon baok titration 80 that the solution is at ~es8 
than saturation conoentrationo 

(3) Addition of' a small drop of base oauses local preoinitatlono 
This solid disappears on stirring. Howevero- once the pH gets high enough 
$0 that preoipitation ~t a large amount of solid takes. plaoeD the pH 1e 
lowered by the 'Preoipitation prooess to a lower value than the pH at 
whioh small amounts of solid had previously red18801ved o This behanor 
indioates that the solid whioh :redls80 Ives 1s dltferent trom that .. 111oh 
tinally precipltate'e 

(4) The pH decreasee markedly after the first preoipitation 
trom tm supersaturated solution oocurl" For example p in the case shown 
graphioally in Fig., II, the pH lowered trom. 601 to 4 0 5", 

A major souroe of experimental ditfi oultiea was the Becklllann pH 
meter which gave erratio results in the trequentl;yvery hot.o not air .. 
conditioned room. in whioh these experiments had to be conductedo 

Fig" 1 presents the data obtained from the titratiox::. 01' 25 ml 01' 
001617 M UNH with 0.1125 M BaOH and the baok titration With 0 0 1005 M 
H0104" As tie solution W1UI neutralized it became darker 1n color,; no 
solid precipitated until the pH reaohed 5014$ after 1019 equivalents 01' 
base had been added" A large quantity of Bolid suddenly preoipitatedj) 
lowering the pH rapidly until a minimum value was reached at 40530 Tb. 
remainder of the curve 1s similar to that of the neutralization 01' a 

" 

. \ 
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7.0 

6.0 

BACK TITRATION , .. I 

PRECIPITATION BEGINS 

5.0 
FORWARD TITRATION 

o ~·II. 

4.0 
PRECIPITATE DISSOLVED 

301~'----~----~----~----~----~ 
0.5 1.0 . 1.5 2.0 

FORMUL A WTSI NAOH PER GRAM ATOM U 

FIG. I TITRATION OF UNH SOLUtiON (0.1725 M NAOH ADDED TO 
0.1617 M UNH AND RESULTANT SOLUTION BACK TITRATED WITH 

0.1005 M HCL04 ) 

". 
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weak acid.. Atter approximately 2,,45 equivalents ot base were added" 
the pH had risen to lOQSc The graph of the titration indicatea an 
asymptote at 2048 equivalent! ot baseo Sinoe the original uranyl 
nitrate may be slightly defiolent in nitric acid» the true asymptote 
is probably 2~&oo ' 

The value of 2650 oquiYalenta of base may possibly be explained 
by the tollowing reaction; . 

U0a9.... 206 WaOH ) 1:. l"2U401S + 1 Wat 40 S R-O 
4 '4 4'-~ 

If we assume that further reaotion with Dalie is muoh slower 
than the above reaotion tl the apparent end pOint of a rapid titration 
ot a uranyl Bolutlonwould be at 2050 equivalents of base and the e~ 
pirical composition ot tha solid would be 1&2U40130 This sol1d could 
consist ot oompletely ~drated intlnitela UOs chains ~~ O-U(OH)4-o­
U(0Ji)4 ..... with one Na'" ion. replaoing one H'IP ion on alternate uranium 
atoms" ' 

Figure ~ Fe.ents the data obtained trom the ti trati on of 26 m1 
ot 00040 M UNH with 1 .. 988 II Na~H until the first precipitate appeared 
and a back titration with 70217 M HCI04 until the solid 1s red1ssolved~ 
fhe acid and base used are' so much more concentrated thm the UNH 
that the ~lume of the solution is essent~ally constant throughout 
the tltrationo The baok tl'tration curw" &8 mentioned abovepdevi= 
ates appreciably from the forward curve" 

Figure 3 presents the data o~tained trom the titration ot 25 ml 
of Oc0202 M UNH with 10968 BaOH and a baok titr.tion with 10211 M 
BCI04" The forward titration ourve was continued to the point ot 
turbid! ty; the baok titration cune approximately rollowed the tor ... 
ward :titration curvee 

All three graphs represent metastable equilibria trom whioh the 
stable equilibria data are not easily obtained" 

1,,3 Stability or Carbonate Solutions at 700 and 900C" Pre­
liminary experiments were carried out to determine rO"€h\Y the eftect 
of COS= and HCOa:"! on the solubility of UV1 in solutions ot high pH" 
In one set of e~riment8 100ie11 stoppered Erlemaeyers containing 
200 g/l1 ter ot U as UNH and aa2COs cr NaHCOs solutions were kept 
in a water bath at 10 ~lo tor 43 days with daillng ahaldDgo Table I 
shaws the experimeDbal oonditions ~d the observed results" 
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5.0 

pH 4.0 

0.5/. 0 
Mals of f./CI04 /'I'(o/ of U 

Titration 
With Base' 

" 

t..., BlJck n'frafion 
Wit/) Acid 

0.05 /.0 /. 
Mal.s of NaOfll't!"r Mol of t.I 

Fig. 3 
Titration of UNH Soll.ltion. (/. 998 M 
NaOH added fo 0.0202 M tlNH 
and R~s(Jltanf Sa/urion /Jack 
Titraled wifh 7.217 M MCI04-) 

'. 
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Initial 
HaB°as 
(Dl.o~e871) 

0,,040 . 

0.,100 

00140 

0.,200 

I 

... 7 "" 
/ 

TablE! 10 

Re8ults.ot Prel1m1naJX Experiments on Solubil1'!W of UVI 
in. i'aHCOa and N'aaC2.a. Solutions at 7000 " 

, Final Initial Final. 
pH Observations Na200

7t pH, 'ObservatioWl 
haoles ) 

. 
6 •• 6 no ppto 0.,080 ' 1102 Heaji; yellow ppto 

~ .,.,1 0 ,ot to1:&.l uVI 
·.6 lO 9 no ppto 0 0 100 1102 no ppt(l 

'loO no ppto 00139 11.,3 no ppto ' 

" 
7 ... 3 no ppt., 0 0 199 " 1l~3 no PPt9_ 

In another set of experiments Similar mixtu.ree in bottles seourely 
fastenE!o with rubber stoppers WEIll'S kept on a. steam bath (solutions at 
....... 900) for '20 days with daily shaking" Table II shows the results ot 
these experiments <I • 

C:.. 'lable II", .. 
Resulto of' Preliminary Ex rim.entB on Solubili of' UV1 

in NaH003 and NaaCOs· 0 l1tions at 90 

Initial Initial 
Final NaHCO Final Observations Na2°0s . Observations 

(mol,ea71) pH (moles/'l) pH 

0 .. 040 6".1 no ppto 0,,080 11<1.1 HeajS yellow ppt 
"""1 3 of' total UV1 

00100 6 Q7 no ppto 0,,100 1102 ppt~ after several 
days 

00 140 6,,9' no ppt" 0 0 139 11.,3 s 1 Q ppt after se'r.* 
era! days 

0,,200 701 no ppto 00199 ' 1l~3· no ppte 
,"""" 

While the effeot on ths solubility of UV1 due to the pre.senoe of' 
Nfl"" an~ NOS"" ions 18 unknown,l) theSe experiments indicate that in order 
to hold -2 gIlof' UVI 1n solution at these temperatures./) 002 PI Wa2COS 
or O~05 M NaBC03 is'ueoess&ryo . 
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20 . Preparation of Solids tor Use as 1m tial Reactants 

2,,1 Preparation ot U~o UOs seemed the moat suitable compoUDd 
ot detinite oomposition Wltwbloh to begin phase studieso Follow­
ing tbs .thod ot c. 40 Xraue*{6} 00. was preoipi tated tram a warm. 
004 At solution or M'allinokrodt mm by tilt addition ot S%,~02Q the 
precipitate was 1IaIShed well and ignited at zoao tor Z hours to aD 

orange sol14o ltrawsold.med that the solid prepared in this manne{'1) 
analyzed as 9909'1% U'Oao tbis claim bM been shown by,R" lein1rJger 
to be IDDorreot" Our produot when dissolved in HaS04 doos not rout 
with a.IV" this at tirstappeared to establish that no peroxide or 
UIV was present.. Gaaometrio anall1111 by' R" Lelniuger 8m1fed that 
our oxide was actually UOS 2, the exaot composition varying Slightly 
wl tb eaoh preparation" This did not etteot this work Since the oldde 
evolves the excess oxygen on oontaot with water 'and, the resultillg 
80lid is a yellow!) hydrated lJOsoOO0 

UOs prepared in "this w~ is qui te reaoti w·· and was used in nLOst 
ot the present work" 'lbe disadvantage or using this compound till ita 
reaction with aqueous solutions ot KaOH$ NaHOOs. and KaZOOs.!! absorb .. 
ing Ie. ion and liberating acid, thus lowerillg the pH of the solution,,· 

2<>Z Preparation ot S.odium Diuranate I> N&ZUZ01¢ A 89lid which 
,.ould be oloaer to the equilibrium composition of the aaturat1ng 80lid 
would change the pH of the solution much leu than does UOS" A. re- . 
active sodium dluranate therefore might be a superior starting material 
tor ,phase studie So . 

Sodi~ diuranate 1s mentioned extensively in the 11 tsrature on 
uranium but there is a Icarctty at analytical data to show, that it is 
actually BaZUZ010 Attempts to prepare N&2UZ01 by preoipitation from 
an aqu,ous solution have always produced solids ot varying composi"" 
t1on\8) 0 For this reason a ditt"r,nt approach was investiga.ted" Fol­
lOWing a 8uggestion ot Von lJnruh\S) efforts were made to preoipitate 
Na2UzO, with Na III&tal from a dried 80m ot uranyl nitrate in ether <> 111 
one experiment excess sodium was added toz diluto urlUlyl nitrate solna 

$ ct~ al~ 0 Longsworth (3) I> 

0* Conoentrated NaOH solution cODVerts the yellow UOS immBdiately to 
an orange g sodium oonta1nillg solido 

'-
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and the solid was washed with water to remove the sodium" The ig­
nited sol1ds analyaed l,,3~ and 2,,54'& aodiumo Sodium diuranate con­
tains 7024% Hao In another experiment a sdll amount of' sodium wall 
added to two concentrated solution. of' ·UNB 1n ether and the solid 
was washed w1 th ether to romove the e%C&S8 tmBo These so li ds when 
ignited analyzed 80SOJ' and 902~ sodiUlllo It is clear that this 
method carried out as descn bed does not produce the desired 
result .... 

Anoth~ nOD<=>aqueou8 preparation mlght be the igni tiOD of a com"'". 
pound ccnta1:m.ag sodium and uranium. in the 8am.eratioa& sodium. di­
uranate .... odium uranyl acetate tor e~le.. By ignition ot NaUOaAOs 
it:was found pOBsib'le to- prepare a compound containing no aoetate 

in.which the m.ole ratio of Be. to U was lsl" The oomposition ot this 
oompcund mv..st theretore be expressed by the empirioal formula· 
Na2U207° . 

.. Sodium. ura:nyl acetate is best prepared(lO) by precipitation of 
a tJIffi .solution with a solution strong eno~ in NaNDa 80 that the 
f'iltrate will be 205 • in Na4> I> 0 9 2 J4 in BaAo and 0 .. 2 M in HAoo. A 
large' excess of sodium ion but not of' aoetate, ion i8 required be'" 
cause in solution" the salt exists largely as ma«) and U02A03'"' ions(ll)o 
Tbe preoipitated salt must be washed with a solution similar to 'the 
mother liquor beoause a more dilute so lution wi 11 wash B.odium aoetate 
seleotively from. the preolpitateo 

In the prooedure dew loped in tid8 laboratory" the oonversion 
of' traU~AoS to N~U207 ~ake8 place 1n two step IS -- a short viol8D.t 
combustion and a long gradual i¢ tion at 3760 0 The procedure i8 as 
.follOW'so Tlw dry double salt ( ........ 5 g) i8 wrapped in an eighty mesh 
platimum gauze and plaoed in a glass combustion tube under a slight 
etream. of' oxygen., On raising the temperature a alight darkening of 
the eoUd from the yellow 00101" ot N'aU02AoS to the orange of' N~tJ207 
1s observed over the range 226° ... 2500 0 0 The flow of oxygen is in ... 
crea.sed at this point to prewnt reduotion of' the UVI 0 At a tam.per­
ature between 2500 and 2750 there 1s a burst of yellow flame followed 
by a red glow throughout the ma.l a 0 In a f'ew s8aonds the temperature 
ot the solid rises to 10000 as DEI aBUred by; a. thermooouple immersed 
l,n the solido The temperature drops after about twelltl; seoonds and 
at the end of' a minute the temperature is down to 350 0 Visible reo 

action 1,8 over and an orange solid remainso 
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The great lnl ti&1 rlse in temperature is due to the heats ot 
f.)ombustion ot the mixture ot gases e'\70lve~,.. These gases may be 
acetylenef) ethylene, methane II carbon l'Ilonoxidef) and hydrogeno The 
hexavalent product in this case i8i11 strong oontrast to the reo 
duced products ot the heating ot uranyl acetate" 

The orange 1I011d contains no rec.\lced uranium., gives the oa­
codyl tut tor acetate and doea net &l.alyze as Na2U2~oAfter 
ignition tor one week &t 3'150 the solid ls atill unreduced but no 
longer gives a test tOl' acetate and ant\lyzes exaotly tor la2U20.,,0 
Samples were taken at intervals in the i'l'eeli and their analyses 8hew 
clearly that a slow rl'8.otlon was taking plaoeo These results are 
tabulated in Table IIIp &.1'1d plotted in !'ig .. 40 

Time 

t :: 0 
t =: 1m 

ISh 
'43,h 
'lih 

143h 

Na2U2O, 

Table III" 

~!.(1t1'll.POBltion ot, NaUOaAc3 !1t 3'150 

mol % U 
"U % Na. mol" in 

50,,2 (09010) 4 0 85 (calo) (1) 
55,..'1 5050 0 0 99 

... .,.... S~66 fQClQ 

cue_.' 6694 ...... "" 
,o_.-.o:t '1,13 -... "" 

tinal prod" 
'74,,/.1: '1024 0 0 99 
'7~"O (calc) '1Q24 (calo) (1) 

, , 

traotion 
deoomposed to 

Na2U2o., 

0",000 
OQ30 
0(1'18 
0091 
0,,96 

1,..00 
1 0 00 

, '1\1.. tinal prcdt.et di18olv8S :'8&dU.1' in acids!) and is quite 
hygrosonpioo It8 ra1?J ot solutier. in the Na200s 801utions in,,"s-

,tigated (up to 0006 1, B~C~) i8 'rery lowo , 

The overall equ~tio., for th~ decomposition reaotion 18s 

2 N8.U~Ao3 ~ 120Z ~ Na2U2o.,·~ 12CQ2 + 9B20 
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FIG.4 RATE OF DECOMPOSITION OF SODIUM URANYL ACETATE AT 375 0 
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Calculat10DS ot the rate constants baaed on the Na analyses of 
intermediate products lead to value8 wldeh malee it impossible to 
decide between.a fir8t or .eoond order meChanism. for the rate 
detei'1D1n1ng atepQ 

3~' &olubiliVof UVI in HaOR, NagCOae 

and BaRCo" Solutions 

Sel Anal!jlcal Methodso 
Solol . .A:Daysis 01 the LiquidPhaileso . Two to six weeks of 

constant shaking on a 1/6 HoPe International Bottle Shaker prec:> 
ceded the withdrawal of a sample of the solid and liquid for tinal 
anal;r8iso In the case ot' the NaaCOs solutions solubilities atter 
81~ weeks differed by less than ~ from the solubilities after two 
days" these values in turn ditte'red by ""'V 25% from the solubilitiea 
attar one dayts shaking 0 . " 

The bottles \'Vere shaken in the sUJl'.lm8r months in a room in which 
the temperature varied between 20 and 350 Co Prior to taking the 

, final samples p all sclutions were kept for several days in a room 
at 24 t 10 00 

We conclude that it a constant temperat~ bath were usedl> the 
entire system might possibly come tc equilibrium in a m.a:ld.mum of 
one week~' Approaching equilibrium from the Buperaatur.., 
ated side would test this.oonolusiono This could be accomplished 
by adding B202 whiohdiasolvea nOS.easily but rapidly decompose. 
at pH ~19'" 

Variations in the solubility greater than the analytical 
error (",,1%) may be due "b:) temperature variations and the diffi­
culty of separating the liqu.id and Bolid phaees.,. Very tine 8US­

pensiona tended to torm in .olutions ot pH c.l"O" i.,60 II 0006 M or 
le8s in NaBCOS and 0~03 M or lesa in NaaCOSo Theae suspended solids. 
could nei tb.er be ii ltered nor qent.rituged in. an International Cene> 
tri.tuge running at 2000 RoP oM" Later it lias found that a sharper 
separation ot phases. could be obtained by using a Sharples Super­
centrifuge rotating at 5041".000 RoPo.M.o One particu.lar mixtureDUOS 

and 0 .. 05 M maBCOs ccntained a suspended BOU d which made the liquid 
opalesoent and almoBt cpaque" ThLs solid resisted all etrorts a'to 
filtering or centrifuging'j) and had not settled after three months 
standiDgo 
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It was found that it samples taken from the very di lute UV1 

solutions (gemmas/ml) were not aoidified immediatelyg adsorption 
ot uranium on the surfaoe of the glaS8 oontainer vas suffioient to 
ohange the analysis by au appreoiable 'fraotiono Sottglas8 is a 
worse of tender than Pyrex in this rEJlPpeoto These very eli lute 801u .... 
:tiona were analyzed by th~ oolonmetrio thiooyanate oomplex methodo 

301 0 2 Anal 8 of the Solid Phasell!> The 80lid phuesot the 
allm.line U systems are n a cues yellow·or orenge...yellow i by­
drou8 g and amorphous.- UDder the polarizing miorosoope they 
showed no anisotropy and appeared to consist 01' small partioles or 
highly irregular shapeo 

v . 

1m tia11y theassumptlon was made that the 80lids 'WOuld not 
change in oomposi.ti on on moderate 'Washing with water c Tte bulk ot 
t:o" solid was oentrituged from· the bulk ot the liquidl) then washed 
carefully twioe with 20 ml portionD of water per gram of sol1dQ 

The washing was followed by alcohol and ether rinses 0 The solid 
was put under vaouum to remove ether .. weighed/) dried at 11000 for 
6u 12 hoursg weighed g dried at 35000 for 3 hours and rewelgbedo 
Beatings at 35000 were continued until oonstant weight was aohleved~ 
Loss in we~gbt was usumed to be due to loss of wa:ter and the 
ignite~ 80lid was assumed to be f'ree of'1II'atero bee assumptions 
are not rigidly true unless care is, ta.1ten to protect the solid from. 
atmospheric moisture because at room temperature 1 t is quite by ... 
grosoopicl:> 

The solid was diaaohed in dilute Hel04 and aliquots were 
taken f'or sodium an? uran1um~lysi8.,. Sodium was determined by 
preclpi tating sodium uran;yl acetate and uran,ium was determined by 
reducing with.& Jones reduotor and titrating with standard eerie 
'sulf'ate.. Beoause of' the preliminary nature' of the work analyses 
were performed rapidly wi th an error of 0¢5"'1~0%..;· No silioa was 

.present in the solids trom the sodium. hydroxide and sodium biear ... · 
bonate solutions; the sitioa residue was never greater 
than 001% 01' the weight of' the ignited solids from the sodium oar ... 
bonate solutions .. 

Contrary to expeotation the solid phases in the systems being 
studied are rapidly decomposed by water!> This lability illl shown in 
the fOllowing experiment which was carried out af'ter the bulk of' 
the data on solid phases had been obtainedo 
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Four 250 nil bottles containing 250 ml of 0",289 M la2003 and 
2,,0 g ot U03 were shaken, for 36 dayso One solid was analysed by 
f1 ltration and direct ignition without washing" The other three 
were washed with one, two~ and three 20 ml portions ot water .. re­
BpeotivelY'.iI tollolfttd by alcohol and ether rinses .. betore ignition",' 
Table IV shows the rapid ohange in camposition of the solido 

fABLB IV. 
I 

Oompo8ition ot a Washed SoUd Phase from 
a 003 M Nag0O! MOther Liquor 

No o ot times washed ; 0 1- 2 

Grams uvl /11 ter of 80 !no 20 88 2087 2090 
• 

" H20 (loiS ot weight trom 9.,05 9,,08 
250 to 35()O) 

~ la (dry weight) 8,,76 7e09 6058 

3 

2084 

9,,14 

5090 

These results indicate that analyses ot washed 80lids do not 
give the composition ot the 86lid in equilibrium with the solutions" 

A promising method of determining the true compos1 tion of the 
solid phase is the Sohreinemaker~B wet residue method., AnalySis 
ot difterent wet 80lids and their saturated solutions enables the 
80lid oomposition to be obtained graphically in three D as well as 
four" component system.so rhe water content ot: the equilibrium 80lid 
phase could be determined by tracer methods. It an acti va material 
wbich would not oopreoipltate with the Bo1id were added to the 
solution before centrifugation .. the amount of' ocoluded mother liquor 
could be calculated by analysis of the traoti on of activity &.8soC1-
ated With tbs wet solid phaseo An experiment with radioaotive l-
in typioal oarbonate solutions indicated that this was not a suitable 
tracer beoause a high fraction of the activity wae found ir .. the 
80l1d phase together with only a small amount of oooiuded mother 
llquoro 



"" '14 "" 

31)02 Solubility of' nil in NaOB Solutions . ., UOS D prepared as 
described . preViously, was shak.e~ at room temperature f'or 13 days 
wi th NaOB so lutions of' dif'ferent conoentrati ons in hard rubber 
bottles 0 fhe BaOB solutions. had bean prepared by' diluting a 
tre.hIy oentrifUged ooncentrated C~Po laOH solution ~th boiled 
dis tilled water 4 

Some of' the solids were washed trioe with water and others 
tour ti1D.es betore 1pi tiono The differenoe in analyses tor the 
two cases 18 markedo 1'able V presents the 'analyses of' the solid' 
and li,qui d phases of the UOs=Ua20=B20 aystem.o 

Table VOl> 

Analyses of Li~uid and WaShed Solid Phases 

lana Phase -LiquidPhasG 
\Juuuo 

, uffilt> 
No" fit. of % H2O 100' % Na Nrr ~O8+ 

NaOH' of Ignited wet dry . dry ~a20 
(mo~e8/l) wash- Solid bad a 1:asis' basis ratio dl'7 

tugs buta. 

0<;>0513 3 ... 6 2 ::>5119 5014 1103 5Q22 ,,10 100.:102 
0.,103 9 2 102397 4.070 :""- en"" ~='*' ""dO" .. 

00205 14 4 !l38SS 4t;107 75,,5 5~OO )69 980B 
0 0 308 16 2 ~4134 40 09 15<:>5. 5052 ;:.16 9Bh.5 
0 0 513 25 2 06127 3<093 7505 50:>8.6 '080 99 q O 
1003 34 4 .,,2817 4()3l 76<)4 5e.12 .<)69 ' 99~1 
2056 35 4 03586 4003 74,,9 5061. ~78 97~9 
Se>13 34 2 0,8641 3,,28 74,,6 8..,20 1 009 101,,0, 
11:)2 53 ° ,,5760 8.8 sum.ed 64<;> 9 '16,,581 2;,63 1000 . 

to be 0 
I 

&0 Corrected for mother liquor,oocludedo fatal loss in weight on 
ignition at 5500 WAS a.ssumed to be mother liquoro This gi'Ve8 a. 
lower limit to the NacU ratio since a Blight over-correotion 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 waElhing.. However ~ the 
following qual1tati ve conclusions may still be valid. 

1) the cQ!lcentrat10n of 1&4> in the solid phase increases as the 
concentration of' Na<li- inoreases in tlte liquid phase", 

I 
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2) the smoothness with whlch the oompositions vary indicates that 
no stoiohiometrio oonpounds are tormed but rather homogeneous 
solid soliAtions ot Da20 in the Uas lattioe exist over a Wide 
railge"and 

3) HaO tend8 to replace the NaaO in the latticeo This is indic,ac> 
ted by the taot that the HaO content ot the wet Bolid talls ott 
Wi:th inereulng Na"" concentrati on of the so luti ono 

S(>3 Solubill ot UVI in !fa C 601u1:.1.on8 0 ,Two grams of UOs., 
prepare as desor! e previous Y,I and 20 m ot solutions ot CoPo 
5a2C03 ot varying oonoentration were shaken in stoppered Erlenmeyera 
at room temperature (20-300 )., Period! oally samples were withdrawn 
tor the determination of pH and Uvl concentration. The values of' pH 
and UVI conoentrationat different times of shaking are shown in 

'Table VI" Fig" 5 i8 a graph of the variation of UVI a.onoentration 
with Na2C03 ooncentration., 

The variation in pH of the so 1utions oan be explained by two 
reactions. 

(1) HaO .f 2 U~3 </I> 2 Na./lo <li! 2 ~IR :: llaaUa01 -e. a HCOs'" 

(a) ~O ... !!2a. .. x C~: ~ UOa(C~)x ac2x + a OB= 
(postulated) 

In the dilute solutions reac1:.1. on (1) predominates and the pH 
deoreases" In the more oonoentrated 80 lutl onB (more than 1/3 of 
the uranium dissolved) reaction (2) predominates and the pH in"" 
oreaaeso ID8.oouraoies in the pH meter make po~sible only these 
qualitative conolusionso 

Difterenoes in solubility 01' solids shaken one week and those 
shaken six weeks were only 2~5% except in the dilute oarbonate solu­
tions whioh formed oouoJ.aaJ. sU8pen8~ona .. 

The soli de were W1A.Shed tw:l. oe with wa.ter and than with aloohol 
and ether before ignition at 3000 for 3 hours" Loss in weight was 
tsken as the total water present.. Tlw 19ni ted ISO lid was' dissolved in· 
dilute HCl04 and all~ots analyzed tor Na and UVIo Table VII presente 
the results 01' these analyses" 
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Table VIc 

AnalYSGS ot the Liquid Phase ...... Initial SystemUOa-lf"2CO:s"'~O 

I 

1&20~ 
mols 1 0 0(,0120 0,,0260 00 0500 0~0600, 000800 0 .. 0880 00 100 0 0 150 00200 O"SOO 

pH t=o ..... "" 10099 11009 11020 11022 11022 '11022 11024 11,,22, 11 0 20 11023 
1d 60/10 8010 9<>90 10,,98 10099 11.,13 11 .. 18 11029 11013 11031 11058 

2d 60 63 8 .. 12 9012 10014 10087 11~06 11008 11 0 05 .a. __ a -, 

6d 8,,69 8<>62 9 11 58 100 68 100 51 11021 11027 11034 IlJl68 11062' 11062 

43d 7,,86 7 .. 77 8 0 84 11 0 20 100 82 10 .. 96 ' 10,,96 10</,98 11 0 26 11 .. 46 11 .. 46 

128d b 6.,40 
standing 

801 o:vX 
g U /1 . 

t:ild 0'0017 0 11 2838 0-p8981ll -1059 10 81 10 83 2cOS 2.025 ........ ... ..... ...... "" 
2d 0,,13 2 0 02& 201"- 2036 2044 2056 2064 2010 2,,83 2096 3021 

ad 0,,056 1,,6S& 2<>40a 2015 2,,25 21:146 20 57 2061 2071 2:185 So12 

43d 0,,064 1021& 20 92. 2 .. 25 2,,2'1 2048 20 62 2082 2 0 87 S,,01 3\>18 
~ 

123d b, 0 0 052 
standing 

---","---

a 01oudy~ 00110idal suspensions leading to high results tor UV1 content in solutions" 
b" 43d shaking tollowed by 80d standing 

t, ' 

0.,400 

Uo24 --..... .,. 
11099 
11 .. 78 ' 

D 

~ 

m.c 

... ....", 

3,,46 

3 0 72 
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table VII 

,Analyses of the Vi&8bed Solid Phase ...... Initial System UOs""iagOOg=BgO 

B"2C~ lito of ig= ~ H2O %U 
" No. mol ~ Na 

% UOS + 
mole ni ted 80lid wet bull dl'7 builS. dry % Ha20 . 
liter aampl. VOS buis 

mol U 

I 

0,,000 05778 10084 8402 , 0 ° 101,,2 
0 .. 012 100552 ... - '1808 2,,39 8018 9608 
0 0 050 103916 "' .... 15 .. 6 6019 1<;;43 9708 
00080 103855 4084 7209 5050 1028 9£',,0 
0,,100 104320 50?8 7407 5,,88 1022 9706 
0«200 1 .. 2367 ....... 68 0 7 . 5,,90 1013 90,,4 
0,,400 1,,296.8 

_ ...... 
65.,7 6050 098 870 5 

------ - L- - --.---- -- --- --- _. -~ .. ---" .... -.--. 

the last two 1011d8 effervesced When acidified and the difterence 
between their ualyses and 100$ is largely due' to GOa content6 It is 
again olear that these analysea are not representative ot the original 
'solids but the conolusions drawn from thi &D&lyaes 01' the washed 8011ds 
inoontact with BaOH .olutions are also applioable here" 

In another seriel of experimente» la2U2079 prepared as desoribed 
pre1l'1.0ualYil was UIIod aD the starting solid in order that the composition 
ot the 8011d phase be changed as little aa po.Bible during the exper1 ... 
mento· two grams ot Na2U20., and 200 ml ot solutions ot CoP .. Ha2COS of 
'V8.f'Ying conoentration were shaDn in gla.es stoppered Erleumeyers at room. 
temperature (200300 ) tor 20 dayso Table VlIIpresents the solubility of 
the Na2U2O,. and the pH change of theae solutions .. 

Table.VIII 

&club!l!!;: 01' Na&,?.,. in N'&iCOe Soluti~ 
:tnl tia ¥#m 'NaaU2"t... Ii lSiDB2~ . 

N~'TOs mo1s liter 
. uvl conc 0 af't8~~ 

days shaking., 1 or! ginal pH. pH a.t t ~ 20 d~ 

0 0 000 0 0 030 6Q 60 6 0 '1"1 
0 .. 0116 0;,038 100S9 9,,'13 
0.002'70 00028 111'06 10,,24 . 
0,,0401 0<;033 11006 10045 
00 0501 Oc028 11001 . 10023 . 
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The appreciable cha.n~ in pH of the solution. the wry low solu"" 
bilityof the oompound, and the fact that solubility 1s independent ot 
1&20°3 concentration oannot at present be reconoiled with the data of 
Table VI for similar equilibrations of U~ in Na2COa solutionso It is 
possible that the Na2U207 preparation had beoome inert by heating and 
that the ooncentrations represented by the data of Table VIII are very 
far f'rom equil1brium.;. 

3 0 4 Solubillt,y of' UO~ in BaBCOS Solutionso Va~ing amounts of 
UOs,p prepared as desert bed previously" were shaken in glasl! stoppered 

, Erlenmeyer" with C.P .. NaHC~ 8olutions of varying concentrations at 
room temperature (20-300) 0 PeriodicallJ aamples of the solution were 
wi thd ra1fD for determination of pH and U I concentrati on.. Finally ~hG 
flasks were placed in a room held at 2UloC; after standing tor gO days 
With oQoa810nal shaking" final samples were taken. Table IX presentl 
the values of pH and solubil1 ty as they varied With time,.. Fig 0 6 
shows graphically the variation ot solubility of U with 1~aHC03 con"" ' 
centration" 

The solubility of Uvl in NaRCOa is almost linear with HCO:f" con­
oentration. The uranium oonoentration (gram atoms/liter) is about 0046 
times the total NaHCOa concentration but at the same time the pB change 
of the solutions is relatively small, i"80,, ...... 1 pH un1 to The fol.low1ng 
equation is proposed to explain the observed facts = ' 

~ .,HC~'" :.a U~OHC03'" 

other poa.ible equations prediot a nono llnear relation of UVI 
solubl11 t,y to NaHCOa oonoentration, or 1nvolve the production of' Oli' 
or ~ sufficient to have changed the pH 'bo a greater extent than was 
obserndo 
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fable IXo 

So1ub11i;y of UVl in BaROO, Solutions 

lJaBO~ con ... 
molal ter 0,,0100 000300 OQ0400 000600 0 0 0600 000800 0 0 0900 - 0~100 

grams 
solid 0'08 2 2 2 - 2 2 2 2 2 

-pH t g 0 8?92 9002 -8088 8",18 80'18 8~'10 8065 80 66 

t=. 15d - "" ... ... GoO? 8024 8013 ?e?3 

t 8 31d 8,,24 1,,9'1 '11)51 1024 11>63 '1082 7078 '1011 

121d" , 

IU VI oancentratioll 
gl"_8/11 tel" I I '.' , ..J t"l 'j 

j :J \.! ' ;. \ ~, {.., I' I 

at t fa 15 0,,1S 4056 5018 5034 6065 1020 '065 10,,30 

t e 31 0063 6054 2080 2064 6,,19 6039 . 1,:/11 9015 
121da 

-

&" Sld ahald.ng followed by 90d 8tand1ng" 

"- • 

01.'160 '00 200 0 0 300 

3 3 8 

80~ 8 .. 64 8049 

1.,58 't046 '''14 '5 

'1043 '069 '0"11 

J ,.. ; .' I ') 

11.26 20,25 450 25 

169 28 21 052 41042 

_ .......... 1...0-

0.,40' 

'. 
8,,4.3 

'05. 
7441 

... 

c:> 

n 
.... 
\0 

Il 
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